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AN ACT TO PROVIDE FOR THE PUBLICATION OF THH REPORTS 
AND PAPDRS OF THE INDIANA ACADEMY OF SCIENCE. 


[Approved March 11, 1895. ] 


Wuereas, The Indiana Academy of Science, a chartered 

scientific association, has embodied in its constitution a eI, 
provision that it will, upon the request of the Governor, or of the several 
departments of the State government, through the Governor, and through 
its council as an advisory body, assist in the direction and execution of 
any investigation within its province, without pecuniary gain to the Acad- 
emy, provided only that the necessary expenses of such investigation are 
borne by the State; and, 

WHEREAS, The reports of the meetings of said Academy, with the sev- 
eral papers read before it, have very great educational, industrial and eco- 
nomic value, and should be preserved in permanent form; and 

WHEREAS, The Constitution of the State makes it the duty of the Gen- 
eral Assembly to encourage by all suitable means intellectual, scientific and 
agricultural improvement; therefore, 

Section 1. Be it enacted by the General Assembly of Publigationter 
the State of Indiana, That hereafter the annual reports of the Reports of 

the Indiana 


Academy of 
with the report for the year 1894, including all papers of Science. 


the meetings of the Indiana Academy of Science, beginning 


scientific or economic value, presented at such meetings, after they shall 
have been edited and prepared for publication as hereinafter provided, shall 
be published by and under the direction of the Commissioners of Public 
Printing and Binding. 

Sec. 2. Said reports shall be edited and prepared for 
publication without expense to the State, by a corps of mee 

j Gy eA 1ting 
editors to be selected and appointed by the Indiana Academy Reports. 
of Science, who shall not, by reason of such services, have 
any claim against the State for compensation. The form, style of binding, 
paper, typography and manner and extent of illustration of 

Number of 

such reports shall be determined by the editors, subject to printed 
the approval of the Commissioners of Public Printing and Reports. 
Stationery. Not less than 1,500 nor more than 3,000 copies of each of said 


i 
reports shall be published, the size of the edition within said limits to be 
determined by the concurrent action of the editors and the Commissioners 
of Public Printing and Stationery: Provided, That not to exceed six 

; hundred dollars ($600) shall be expended for such publica- 
ee tion in any one year, and not to extend beyond 1896: Pro- 
vided, That no sums shall be deemed to be appropriated for the year 1894. 


Sec. 3. All except three hundred copies of each volume 
Disposition 


of said reports shall be placed in the custody of the State 
of Reports. 


Librarian, who shall furnish one copy thereof to each pub- 
lic library in the State, one copy to each university, college or normal 
school in the State, one copy to each high school in the State having a 
library, which shall make application therefor, and one copy to such other 
institutions, societies or persons as may be designated by the Academy 
through its editors or its council. The remaining three hundred copies 
shall be turned over to the Academy to be disposed of as it may determine. 
In order to provide for the preservation of the same it shall be the duty 
of the Custodian of the State House to provide and place at the disposal 
of the Academy one of the unoccupied rooms of the State House, to be 
designated as the office of the Indiana Academy of Science, wherein said 
copies of said reports belonging to the Academy, together with the original 
manuscripts, drawings, etc., thereof can be safely kept, and he shall also 
equip the same with the necessary shelving and furniture. 

Sec. 4. An emergency is hereby declared to exist for 
Himergeney. the immediate taking effect of this act, and it shall there 
fore take effect and be in furce from and after its passage. 


AN ACT FOR THE PROTECTION OF BIRDS, THEIR NESTS AND 
EGGS. 


Section 602. It shall be unlawful for any person to 
kill, trap or possess any wild bird, or to purchase or offer HOE 
the same for sale, or to destroy the nests or the eggs of any wild bird ex- 
cept as otherwise provided in this section. But this section shall not apply 
to the following named game birds: The Anatids, commonly called swans, 
geese, brant, river and sea duck; the Rallide, commonly known as rails, 
coots, mudhens, and gallinules; the Limicolze, commonly known as shore 
birds, plovers, surf birds, snipe, woodcock, sandpipers, tatlers and curlews; 
nor to English or Huropean house sparrows, crows, hawks, or other birds 
of prey. Nor shall this section apply to any person taking birds or their 
nests or eggs for scientific purposes under permit, as provided in the next 
section. Any person violating the provisions of this section shall, upon con- 
viction, be fined not less than ten dollars nor more than fifty dollars. 

Sec. 603. Permits may be granted by the Commissioner of Fisheries 
and Game to any properly accredited person, permitting the holder thereof 
to collect birds, their nests or eggs for strictly scientific purposes. In 
order to obtain such permit the applicant for the same must present to 
said Commissioner written testimcnials from two well-known scientific 
men certifying to the good character and fitness of said applicant to be 
entrusted with such privilege, and pay to said Board one dollar therefor, 
and file with him a properly executed bond in the sum of two hundred 
dollars, payable to the State of Indiana, conditioned that he will obey the 
terms of such permit, and signed by at least two responsible citizens of 
the State as sureties. The bond may be forfeited and the permit revoked 
upon proof to the satisfaction of such Commissioner that the holder of 
such permit has killed any bird or taken the nests or eggs of any bird for 
any other purpose than that named in this section. 


Jndiana Academy of Sctence. 


OFFICERS, 1908-1909. 


PRESIDENT 
A. L: Foury. 


VicrE-PRESIDENT 
P. N. Evans. 


SECRETARY 
JAMES H. Ransom. 


ASSISTANT SECRETARY 
A. J. BIGNEY. 


Press SECRETARY 
GrorGE A. ABBOTT. 


TREASURER 
Wintiiam A. McBeru. 


ExEcutivr COMMITTEE 


A. L. Fo.ey, Cart L. Muss, A. W. Bur er, 

P. N. Evans, W. 5S. BLATCHLEY, W. A. Noyes, 

J. H. Ransom, H. W. Witry, J. C. ARTHUR, 

A. J. BIGNEY, M. B. THomas, O. P. Hay, 

G. A. ABBOTT, D. W. DENNIS, T. C. MENDENHALL, 
W. A. McBeEts, C. H. Erignnmann, J. C. BRANNER, 
GLENN CULBERTSON, C. A. WALDo, J. P. D. Joun, 

D. M. Mortirr, THOMAS GRAY, J. M. Covurer, 
Ropert HESSLER, STANLEY CouULTER, D. S. Jordan, 


JouNn §. WRIGHT, 


BOTA. wo &S5e Eee ET Peat gece Rn Ons ne eran TERE Tree 


IUHTHYOLOGY........... _.C. H. EIGENMANN. 


HERPETOLOGY 


MaMMOLOGY doe eis 


ORNITHOLOGY J 


JE APR OM IDI CNT.5 5 8 eae Ste oe IG ee a Re Saar os 


CURATORS 


J. C. ARTHUR. 


Se ee A. W. BUTLER. 


W. S. BLATCHLEY 


10 


COMMITTEES, 1908-1909. 


ProGRAM, 


W. J. MoENKHAUS, H. L. Bruner, 


MEMBERSHIP, 


R. HEssLEr, D. Rorsroc., 


NOMINATIONS, 


J. 5. Wricurt, 5S. BurRAGE, 


AUDITING, 


W. J. MoENKHAUS, W. A. CoGsHALL, 


Stare Liprary, 
J. S. WRIGHT, W. 8. BLaTcHLey, 


G. W. BENTON. 


RESTRICTION OF WEEDS AND DISEASES, 
R. Hessier, J. N. Hurry, 


S. Counter, 


Directors oF BIOLOGICAL SURVEY, 
SranLtey Coutter, C. R. Drrsr, 


C. H. EIGENMANN, 


RELATIONS OF THE ACADEMY TO THE STATE, 
R. W. McBripg, M. B. THomas, 


W.S. BuarcHLey. 


DISTRIBUTION OF THE PROCEEDINGS, 
J. S. WricuHrt, H. L. Bruner, 
R. E. Lyons, 


PUBLICATION OF PROCEEDINGS, 


H. L. Bruner, Editor. D. Boning, 


J. P. NAYLOR. 


P. N. Evans. 


D. M. Mortimer. 


E. G. Manin. 


A. W. Burimr, 


A. W. BUTLER 
D. M. Morrisr. 


M. B. THomas, 
J. C. ARTHUR. 


G. CULBERTSON, 


G. W. BENTON, 
J. H. Ransom. 


D. M. Mortierr. 


— 
ea 


Wea “V” 
We “V 
WI@aON “V 
WEN VW 


yWoqqy “V"D 
eepraer telatsits yoqqy “VD 
Soo ws yoqqy “VD 
ae dans YIVT) OU SopPIBy) 
98 82 9 OHNO KE AE 25) 
> OOo NE, yoqqy “Vv 4) 
ooo oG.c 6 yogqY “VS 
Pavia uoJUV “MA “O2*) 


‘00K 


Sess oa wosUeBy “fT 
Se ieee wosuByy * 
apa wosury * 
2a ee wosuRy “Ff 
‘*- 9uIpOg UospTeuog 
"*- 9uUIPOg Uospyeuo(T 
ss omamyag ty “a 
sss omymyag wy “A 
ss sagamyag wy “A 
6010 90 0-0 AOUSIC, “ ‘Vv 
iteWrslromnesl le rerke Aousiq, "fp ‘Vv 
SoOo0 0000 Ausig ofp V 
OO. DAD3 00500 Asus fp ‘Vv 
et arte UBULION “MA OM 
J (UBULION “MA “M | 
| **do3no, AopuRYS j 


mosuRy “TT “fp 
seer ice mosuey “Ef 
 UdTNOW “q uudATy 
“-UsT NAO, “ey uudry 
-UeTT NOY, “gq uudry 
QUST “S uYor 


"79 “QUSILAA “SQ Uyor 
bab aS “VST AY ‘4 uyor 
aes WSIS UYyos 
“ QUSITAA “G UyOr 
9USELM “gS UgOL 
“"" “QUSITAA “S uyor 
S5 000 “qySIL AA ‘g uyor 
WUBI AA “g UYOLr 


OpIeM “WO 
"Tope “AA SOULY 


“Tone “Aq Soury 
“Tope, “AA SouLW 
“-TepNE “A SOUL 
“Taryn “A Soury 
“os -TapNE “AA soury 
"+" TepNE “AA Soury 
“-- -JepyNE “MA soury 


WOON “V “AN 
WGN “VA 
WOGON “VAL 
TADS “LL “f 
TAS “Lf 
TAS “Lf 
‘TIPA099 Fal oad b 
[Paoog “I, “f 
“UOUUBYS “d M 
“UOUUBYS “dq “WM 
“UOUUBYS “d M 
“uoUUBYsg ‘dM 
“OPIEM. “V “OD 
“OPIEM “V ‘D 
‘suIuop “J “O 
‘sulyuep “gq “O 
‘suIuot “gq ‘O 
‘suTyuer “qd ‘O 
‘suluor “gq “O 
‘suIUOP “J “O 
‘UMM ASVAY 


“AUVLEANOAS ssaug 


“AUVLAYNONS WLSSV 


“RUV LUMO 


On ood oO 0 Ad]O "T ‘Vv 
* UOS}LEqTNG UUEp 
ote TOT}FOT “WW 
+" TaTSSOFT JL0qQoyy 
TUBE “Sg Uyor 

Mihi SooW “TO 
“+ KoTOVBTEL “SM 
ACTEM “MA AaB Ey 
sos SRMOUL “GW 

Rare es slug “AA ‘C 
“-- UUBUIUESI, “FT “O. 

Se OPEL “VW ‘0 
eso ABIL) SBULOY J, 
"+" Te3tnoy AvjTUBYS 
Tang, ML OW 
G00 O05 ‘sodoN Vv “M. 


“ ]]BYUepPULS|T “OL 
“-fouuBIg “9g uyor 

Pao uant uyor “Gd ‘f 
“s+ Taymor TL uyor 
“-UBplor "Gg PLABG, 


6061-S06T 
8061—-Z061 
L061—906T 
9061—G06I 
G061-P061 
FO6I-E061 
6061-061 
cO6I-LO6T 
1061-0061 
OO6I—-G66ST 
6681-8681 
s681-L68T 
1681-9681 
9681—-S68T 
{681-P68T 
P68T—-E68T 


6681-681 


G68T-T68T 
I1681—-068T 
0681-6881 
6881-8881 
S88I-L88T 
LSS1—-988T 
988I—-GS8T 


“INA CGISHY qf 


‘SUVA A 


‘HONHIOS LO ANHAVOV VNVIGNI HHL AO Sumolaao 


12 


CONSTITUTION. 


ARTICLE I. 


Section 1. This association shall be called the Indiana Academy of 
Science. 

Sec. 2. The objects of this Academy shall be scientific research and 
the diffusion of knowledge concerning the various departments of science, 
to promote intercourse between men engaged in scientific work, especially 
in Indiana; to assist by investigation and discussion in developing and 
making known the material, educational and other resources and riches 
of the State; to arrange and prepare for publication such reports of inves- 
tigation and discussions as may further the aims and objects of the Acad- 
emy as set forth in these articles. 

Whereas, The State has undertaken the publication of such proceed- 
ings, the Academy will, upon request of the Governor, or of one of the sey- 
eral departments of the State, through the Governor, act through its coun- 
cil as an advisory body in the direction and execution of any investigation 
within its province as stated. The necessary expenses incurred in the prose- 
cution of such investigation are to be borne by the State; no pecuniary 
gain is to come to the Academy for its advice or direction of such inves- 
tigation. 


The regular proceedings of the Academy as published by the State 


shall become a public document. 


ARTICLE II. 


Section 1. Members of this Academy shall be honorary fellows, fel- 
lows, non-resident members or active members. 

Sec 2. Any person engaged in any department of scientific work, or 
in original research in any department of science, shall be eligible to active 
membership. Active members may be annual or life members. Annual 
members may be elected at any meeting of the Academy; they shall sign 
the constitution, pay an admission fee of two dollars, and thereafter an 
annual fee of one dollar. Any person who shall at one time contribute 
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fifty dollars to the funds of this Academy may be elected a life member of 
the Academy, free of assessment. Non-resident members may be elected 
from those who have been active members but who have removed from the 
State. In any case, a three-fourths vote of the members present shall elect 
to membership. Applications for membership in any of the foregoing 
classes shall be referred to a committee on application for membership, who 
shall consider such application and report to the Academy before the elec- 
tion. 

Sec. 3. The members who are actively engaged in scientific work, who 
have recognized standing as scientific men, and who have been members 
of the Academy at least one year, may be recommended for nomination for 
election as fellows by three fellows or members personally acquainted with 
their work and character. Of members so nominated a number not exceed- 
ing five in one year may, on recommendation of the Executive Committee, 
be elected as fellows. At the meeting at which this is adopted, the mem- 
bers of the Executive Committee for 1894 and fifteen others shall be elected 
fellows, and those now honorary members shall become honorary fellows. 
Honorary fellows may be elected on account of special prominence in 
science, on the written recommendation of two members of the Academy. 
In any case a three-fourths vote of the members present shall elect. 


ARTICLE III. 


SEcTION 1. ‘The officers of this Academy shall be chosen by ballot at 
the annual meeting, and shall hold office one year. They shall consist of a 
President, Vice-President, Secretary, Assistant Secretary, Press Secretary 
and Treasurer, who shall perform the duties usually pertaining to their 
respective offices, and in addition, with the ex-Presidents of the Academy, 
shall constitute an Executive Committee. The President shall, at each an- 
nual meeting, appoint two members to be a committee, which shall prepare 
the programs and have charge of the arrangements for all meetings for 
one year. 

Sec. 2. The annual meeting of this Academy shall be held in the city 
of Indianapolis within the week following Christmas of each year, unless 
otherwise ordered by the Executive Committee. ‘There shall also be a sum- 
mer meeting at such time and place as may be decided upon by the Execu- 
tive Committee. Other meetings may be called at the discretion of the HDx- 
ecutive Committee. The past Presidents, together with the officers and 
Executive Committee, shall constitute the council of the Academy, and 
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represent it in the transaction of any mecessary business not especially pro- 
vided for in this constitution, in the interim between general meetings. 
Sec. 3. This constitution may be altered or amended at any annual 
meeting by a three-fourths majority of the attending members of at least 
one year’s standing. No question of amendment shall be decided on the 


day of its presentation. 


BY-LAWS. 


1. On motion, any special department of science shall be assigned to 
a curator, whose duty it shall be, with the assistance of the other members 
interested in the same department, to endeavor to advance knowledge in 
that particular department. Each curator shall report at such time and 
place as the Academy shall direct. These reports shall include a brief sum- 
mary of the progress of the department during the year preceding the pre- 
sentation of the report. 

2. The President shall deliver a public address on the morning of one 
of the days of the meeting at the expiration of his term of office. 

3. The Press Secretary shall attend to the securing of proper news- 
paper reports of the meetings and assist the Secretary. 

4. No special meeting of the Academy shall be held without a notice 
of the same having been sent to the address of each member at least fifteen 
days before such meeting. 

5. No bill against the Academy shall be paid without an order signed 
by the President and countersigned by the Secretary. 

6. Members who shall allow their dues to remain unpaid for two 
years, haying been annually notified of their arrearage by the Treasurer, 
shall have their names stricken from the roll. 

7. Ten members shall constitute a quorum for the transaction of 
business. 


MEMBERS. 
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ulewACe EUstOM eo sce Mt ics eer eines FBO Ohta wate ate Chicago, Il. 
i Roky prbisy dleorithits ene va aepee sama ae 1904 32h ucts) cue meee Terre Haute. 
Robert Enoly Ons skis ars seep ames tect USOC aks peterem eee Bloomington. 
W:.fAreMcBeth: ea iecte aces ches. emerge OO i paid tsi eae Terre Haute. 
Vege Marstersgecmicniar «scan agen eae Rel Sameer eG tae oc Bloomington. 
Came esis accent sean icra ioe cake SOAs colstonde ere acaees Terre Haute. 
se pam SaVLT ery utes, Mayen eters eautore tn tacks een SA eM SUR SP Ee Swarthmore, Pa. 
Wexler anise sonst nas spat eh see Sees LOO I oe Nedstenca reer haa Bloomington. 
LDS ESI (0) Fy (2) ees ch co Sted a eer te oe CP ee LSOS ia eaten Bloomington. 
Spies Naylor mest aha: ac Rucicks Saw Re LOGOS eterna Greencastle. 
HAVWis cA NOY ESien Croetietreactapencgs sector ome eee USO See dey: tanckea Champaign, Ill. 
Rolla (Rapa mseye o.a-take oa con caer: N9OGE Stare ae Bloomington. 
JepepansOmeere vara ect t-te 190 Deer et eee Lafayette. 
LSA GS AG a Heyes eee el cece eee (= GOIN I se ae SOG Sees Sete Terre Haute. 
Da videROothnocksy.csestcsscbsae: een L9OGEyicdons ee ecee Bloomington. 
Jie S Cowell se ite tenew seal vetenmeet ais PS OS eon hee ee Terre Haute. 
Al bertismiithme arse. once rnciaen OOS A Ree oa itctee ae te Lafayette. 
FEAL KS TINT GDN erence ah ce ee fe lo Fa inaele pas ee aM Sacra: Chicago, Il. 
Wie Bee L Ole ue se mice tert nectntiras. aene et AoC). fetes antes Inara Lafayette. 
OSE Phu WralMe were cele tus Somer eon SOS rae yp ccs ae Swarthmore, Pa. 
Mes ebb Ones teen i saeaesiecin Sinc. ce ISOS conte ene eee Crawfordsville. 
[CRAG Vall Ogtiee arco are ch ec Senter TSO Serer eee eae St. Louis, Mo. 
EME Wicbstenencs 99 sects nearness NS OA Ey ee eee retr Se Washington, D.C. 
JacobaWestluxd Qe re ras rete OQ Bee e tec ee sere Lafayette. 
TEL SAWis Walle vastness nr gee viet eee ESO Se WN erate ee Washington, D. C. 
Wirewe Woollen: crs .a 4 btgt beatae te MOOS) A Soudan ee rinea Indianapolis. 
Johns re Wirlohitree acct csr: rene epee ae SQA aisha 4 cess Indianapolis. 

*Date of election. 

+Non-resident. 

NON-RESIDENT MEMBERS. 

Georges a Ashley: ai tan pence na eae ieee Charleston, 8. C. 
JCS ramnenese elec esse eaten eae an reser Stanford University, Cal 
IMEVARSB PAN NOM sere noe eict oe rite ae Oe eee eae eee Grand Forks, N. D. 
DSH Campbells sete Aino cee: Sek ag ce ee wer torsete Stanford University, Cal. 
AS Vrline eal) uiblismesstavctecnam ce nolent ter cbse coe ern Oe eee ees Worcester, Mass. 
Bs WiAVermianiter prec soe aot ace sstcetl ne oaere ake Washington, D. C. 
VVC AL ENS KG seca ir nites obec ists Rane ag meme once Los Angeles, Cal. 


i, 
Cl NYS GRauBe@hin oie ge One ste Pittsburg, Pa. 
Charles H. Gilbert..... STAG OC RRR eee Le Stanford University, Cal. 
(Gh, Whe Gunes oso 9 i ale Dg ee a eer ara ene eee Columbia, Mo. 
SOMAVVemilear itn 25 eee ele ale wees Syracuse, N. Y. 
O), IP. TELS, ooo 6)c-4 6 One oie aan ee ea New York City. 
TEyalipseninal 1ECUIGs aes & ae en Be tye ean aC eee aie Stockton, Cal. 
Dy 1D, GUUS Sc a Se cae ee Stanford University, Cal. 
Da SaJordan. . ...-. i aia tk lea C eR ea SIO Stanford University, Cal. 
Jin Sis TRGERSIONY 5 525 Se nee rpc eee tener Tufts College, Mass. 
Vine Mousalnae 22 Sy. Pe bk eee pe ee Tuscon, Arizona. 
Ty. TBA; IMGT fullest en eae rt ree Valley City, N. D. 
Mie Cum Viendembralllbecc:c a .!2 2S 5on sta sees eae aes a Worcester, Mass. 
AX, Tel, JPURGHUGS c-isree one ee meee ee arlene ten acelin etre parttnae Fayetteville, Ark. 
Fee SPEC HO AME ra Nails Sila gate ae Mora, Wash. 
ANIped) GOrTNaGIP Sale ereect cee nara eer ee cree rae Cincinnati, Ohio. 
EXO DOr SMVEGEIelige lo Aes Ses a ee Washington, D. C. 
iBorasty VW elligeres <a el tae see ae ete ea Clemson College, 8. C. 
Gio Wea NAPS Coma nS: Gas a erro ea Fayette, Ia. 


ACTIVE MEMBERS. 


Gi, Tes ANCIENT 5 oo egptree ne  e ee men a aera rg Delphi. 

Tos, Wc: ANUS OO. 5 67a ele Eee eee neni erp aes areerert eee West Lafayette. 
MRWie MC ETSOM slit a en hae cena He Ladoga. 

TEL, JE: IBM Ss Sealer eee ae cae eee eee org eee aC San Francisco, Cal. 
\Vellivere 1D). TE caer ye stl eases a ea a Seager gn Indianapolis. 
TEXONGSEHNG! JE Uae ote BEND CASS te le tee er nate Indianapolis. 
WV > al, JBYHIOSs o.oo aloo yet Gene tea eae IS er Te eee See eae een West Lafayette. 
Wecmbpeenmechtgoreycian cs 0. vt ie doe sale ie wee ans Valparaiso. 
slaps 1) Kole lexe 1 85 (5106) Ohya Pe Indianapolis. 
Lesher RIG Vel. og ecahes a Aurea eee eerie ne nara gen a ee 
NiellvammmNempslamchardis: ee). bak oe eae hes oe we Greencastle. 
(Cinaellars (Sl, TBkOraye 3 viata er cet a ic nene iie aenor aama Richmond. 
APIO rm tA OMe ee eter SG oso kg sete ea es ees Bloomington. 
Lia) di, IBINGCU1E RBIs cen ne nar eee re eee ar Wea Remington. 

he LT, TEHOEG so eta ae ee ea nm nr ‘Terre Haute. 
Lessors (Cilinlvoy0 CES (5() bee ene ee Detroit, Mich. 
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Hermanson Chemilertaimeesc) 5 aii ane baie tee ae Indianapolis. 

1h dO) oyey IVs] Covers tes. eloeec, pueteses soda eer oue ice car age cee ter Ne e Bicknell. 

Aen (rs aN Vier Gln (Si Rat oatece anes cain Cte arcues cunt tates He Kokomo. 

Cine @hristiexs: steer eees PPh cre recth irs ne ASC West Lafayette. 
| Roma geats eo ahh GY Esipel Pat Fete 2 0 Sco aes aR BRU ee Ly ee rly Se Chicago, III. 
Otto Oe Claytomiee er hey A sage bt aces eee ... Geneva. 

Te aay Incl Oh (eh gate tduluare acghtr Spo cet tree Gre Ao et mas, a ce . Monroeville. 
Gharlesi@lickenenwes a sosremeey ote okeon Bene oe attr Silverwood, R. 1D. No. 
@lanles AVNC GHG ye ar oe ice maui cye bean einey apse coh Petersburg. 
Vuillemin, Ouitiomadl COS, so cccccccceoonmbaooveodoeur Columbus. 

JewAc Gracia yc aces mekn sex Sea cee nck cuehne Sede eae Crawfordsville. 
IMS Crowne lliterasets nce mero ce cite e een accra are Franklin. 
MorenZor Earl) amie] Sagan ne POW aliens rer Nearer eet Laporte. 

1 Sy pal ea aged BS Vga thee ca eta es PR ce RD Re West Lafayette. 
Ghrarlesk@.6D carm Seinen ape ye. ub wa hho st marae ee he aera Bluffton. 
Wier sehr lD loro. acieters oid cakaral opiates eae Ghote al str neoee Westfield. 

spl eh) DiS) i a ae ace ey RE nL aida hae ea iabe chk Syracuse. 
Elermannyi ss Dormer rao re aa ora Urbana, Ill. 

lee Watsys) DU (ey altieae yet a aster A die meg pt ln etainael el Are he Indianapolis. 
Jali TUE eed WAVOOT Oba eliesal wa oraia ene aPene area seneanes AUIS choy Gad ate Logansport. 
Herbert2Al Drm te cychens et a A eee Logansport. 

IMDe pares, V0) Te Tagg aga eee tente eyes oct ex eee eae nee pee Anderson. 

A facl Bel DAU NG] CLES eer Mar ens Sie em career etl aan IIe 6 eae Bloomington. 
Nair ates Dh oSvdyiAane ral atdsarce at nak a ety MIRED roe make om aleke West Lafayette. 
CoRR Ghd ers antes ar ieee ey sh een aa (area crete eta Indianapolis. 
Mass Mares lis tcntiacetet ipa ncaa cea ce a sunt Vincennes. 

Te eave Grsiyeaee akee basen ane wetness ee nee West Lafayette. 
SE VOCE CG AON OSs Sura ane Al temare PRT eel del Mecano Rep La EO Evansville. 
Walliamit Pevhelverwse ieee sm eet sre eee aes ante ee Logansport. 
OF aa Bes eR ae sae en RESIS fee. ok Sb Pein ta a Bot Crawfordsville. 
MSIE SBS eric Meare tema seer ai oy NS Rie teres aE West Lafayette. 
TARE Seba Qi ets news toe nies an, Ae cueeeie ae cece Ata hues aaa Linden. 

ACIS (LAW NUIT Kn Bieter Nee ay hen aired tay Sarin urate Jeffersonville. 
Johns Galelie creer 20 ks ohn eae ie Madison. 

ANALG RENAE Wve GC gz 6) Ye nce a tein ee aed Ween Sen bin un See ag Logansport. 

ETE: OG area ah petite A een eter ERT eet Lafayette. 

IEA NG Arner: agate vce Gn heaneen iach vos UA epee an ue ing Crawfordsville. 


RiGbe ta Gen Gall mabye eee ee ee Ce ee ee Terre Haute. 


Wemnoim GOuwlels oocccneess cane fied ea ee a eM ae Rochester. 
rami CookaGmeenenansc (eG ei ceva ese Cone une bee New Albany. 
Weulkiese JLe, Blea ini <tc nl see nae er ea eae ae eae ec Springfield, 8. D. 
Om Epiliamoimominne het. cs Saeed tle a aca a als West Lafayette. 
WeitayailemilammiaMeyer se oaks ae kN ce ee oe State College, Pa. 
Wictorbrlemdnicks as ee staal ee Aaa aa ees St. Louis, Mo. 
VomumermELetMeriNeGOM 52.5.5. 0c ee st te ele ete Logansport. 

Cl. TB IBGINH, 6 oid. 4iateyoRtiel Ree Rae nema ane ea evr er er reTEN Bloomington. 

Ao lrmamllicdomermn: on. siz Gat secs A tei ss armies Indianapolis. 
Ebranikeelemliconnge ei a oe da ae ek ies le nle Terre Haute. 

Saal sellammelleamcl mie es ae cag ws GS oe Sales apes sale suet Madison. 
olmemmaildebranct. jasc: . 2. ass chs bw see ee oe Logansport. 

Gig TB IIIB, Se se estestarr et psig eae is seria reesee ues E eene Logansport. 
Alllleiay 1D), JEUCIS. 5 6: Sve vche lnc eel easier are areeie eee nena Richmond. 
ILmnenos WWI; lehuloloehwels 35 als oats diss ory aieienis has sae eis oln South Bend. 

Ope relum7iCkerenn pen ke ee ees ee eae West Lafayette. 
Sqn, INT IBLUTRUST 4 <4 ag ops BLele el puerta ee ei eeu nraoRrnn eraser ee Indianapolis. 

Vo USCMIDSTIESI? on, chi sits ua ao SIO econ Tre Lebanon. 
Oeraacksonwgss 6°): eT esas eet as eRe Durham, N. H. 
FACE Ce OMMTISO MMR I etek aah Oe ee atle os alte ies Lafayette. 

IS(, 12, JOMASCO, oo): ee Miata ane Nerina ee eee Greenfield. 

Bio Wo UOMASa.5 6 eicls atc cebe eae ete eee eee een ee rere Ke West Lafayette. 
Wo Vo JOMAS, dP. ‘ai giica genes wheat on ae ere taen tela teen eee West Lafayette. 
Qs Ibi, IXGNSOS 6.5-0% a a ctaleealen ee eterna rece ee ean Rear Terre Haute. 
Ao WL, ISG IOS CBI sce ae ee en en ra West Lafayette. 
Ep etal Deere ie een siete ice Boe nici eat Lafayette. 
(Claasdlers IP, TES aut/0y9) geen ees ee pearance ee Urbana, III. 

Tu, Wo TGUGK i> a6 6 /orbnc peace AR nae oes ects erie arr onc nee West Lafayette. 
IB, WAY IRUNGIB NECKS 5 ce seat cattery er eel crea neneRragr er te Indianapolis. 
iEvichardaCavicClaske yi. ok ei. esl) ce ce tamenle sae Terre Haute. 

IN 1B); Wilteliiavekoxoy:, 4o/o clea ener Geran eee ene Lyons. 

LN alyyarcele Cram Vania lait o nee akdetalts aye < duets West Lafayette. 
JAMespiimaVaMmchesten es cate ee dae eles Vincennes. 
Pialinedpelmay Manwaring (is. oa ale eels Sue sees Bloomington. 
NNplbirmped care VIASOM. yi ony a eee Ae eke aie sted als Borden. 

GSAS ANGIGIR «. & soe tell ce en re ae a eG Ce pre aera coe nO Berkley, Cal. 

J Weve CLOLe COME a ete ics wile duos ia aibetane che ce ale West Lafayette. 


sae Gut BAONE che. Cee ee gute on are ene eee Indianapolis. 
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BeAr Mie rei aye Sen tetett ota. Goneveranareravess Merete tue Reape Indianapolis. 
Richard BishopavlGone Merge wc rernsts ace ner eey ee sere Indianapolis. 

BR SW en MUN GIG ch Rp hacsee re Riatorues we armte beh esis, si sbellete aber Crawfordsville. 
BreduMutchlentis sti. steeper core Se ewtrgee Terre Haute. 
GhanlestbeNewlamkec specter cache een eee ice Indianapolis. 
VohmVUbe ING WSO Mie wt nem Abecice accent eee eee at ae ae Stanford University, Cal 
Ap VACOIN Ge Uiiail Bn epee a eee mire Piraacasle alle heneai 12) 01 seein Notre Dame. 
DAS OWEIMAE Ais Segheh teenie ean See pee en anes scenes Franklin. 

VOU! Pe pPIOT CO enn sian Sep ege co es saels Bch Dena Sr apeate Indianapolis. 
Raila lnel3 = ol eae ce see reece ais tane ecsmvneson ie ekcsrene eae Greenwood. 
Janes VAS IP TICE) Siaaehtces his cyst eon cera eae Ft. Wayne. 
OPA MRed dicks Seed yromae tot ited e espe meals cel ost tai Crawfordsville. 
CMR eT ye yp ie teiaciey Betis chats Sqeehe Same Seeaobemc eee Syracuse. 
AllenvJineieynoldsisn serve ete <n, eeu cence. Emporia, Kansas. 
GilestH MRipleyits te (eer piensa see es eae eacmerceaeen ee Decorah, lowa. 
GeorgvevE-Robertss wamese set. ae a en eee Lafayette. 

fe ASLO ON Ewa pales Gece tse) Sir Acne eR a cake es ms a Felson ey Crawfordsville. 
ACES CHUNtZE i. «Geum fe ito tiene enya aoc pen eas Chicago, Ill. 
Wall SCO tts serps Satan ae Santen ceclaeee rain a en ae Bloomington. 
aC har esi VWVandans Damm Ocak Pee area erence Bloomington. 
Bredusilleny.c 2 nis aecse eiencrion ake iene cies eee Indianapolis. 
JOR Slomakerte uc eo arse eA ee ea eau ae Madison, Wis. 
CBiper Simitlyee.s eerke as ok cee toc eae Pacifie Grove, Cal. 
Eissiex Alina al Sinithi ets se oe ee eae ree Bloomington. 
ROR eS Tint eae eae Sweat A ly ee | Rane ee ae Indianapolis. 
sJiRVIERS Go cleanin cee iy serge chee a au aCe pip Indianapolis. 

Jee C Sib av lor see sagdepeta cai A ONn eer cs Mead gee tae Logansport. 

FAll be rsh Wieee bh OM SOT see peo een cece Ay eee eae Owensville. 

Wire piven here ae e ry Ga ae br ote aaiar grein West Lafayette. 
Web® VaniGordenty.crcunt ns soos oteteeah eee ee Worthington. 


EES SYAVOOTHEES 5 an eve pay ene oe epee Ft. Wayne. 
Eprsian Kay 2 WV On ees Aree Popes os per eae een va en Reni Indianapolis. 
amie lA Wie lire see aaceniynerg. (reece cease ea an ee Indianapolis. 

LNA BON Aner ee Bence Sica Se Ceo GueuS cae Oe aster a sloor tie: Connersville. 
Herberti Milton Woollentsn macnre ein ae Indianapolis. 
JES Wioolseyititm tet ances Snes a ee eee ene Indianapolis. 

Gre AL SY OUD Cees Peace ccc eee eee. ied coe eee West Lafayette. 
EXCH GY OUDDs SAGA Brest ais tae Ch eae mee eee West Lafayette. 


Weer RMCOUIIN CU EN cat nls ial ais rays ou ae aie le Hyattsville. 

[Livi@y7” SEOUWISE soi ose 0 se See Re SENSE NA Mccann oe Oe ae Palo Alto, Cal. 

Wha Alo ZACINIBIIONG? 5, 5s dracon Syne dace aa ern West Lafayette. 

iicagleseAelomy memes Aiko AS ipa a sda a a Bloomington. 
elon SMane sie C1Ge keg msusltstst<U:Upsyovohen.(eeeMese BUN Aa. «Loo eam ee 48 
Fellows, non-resident. . URES RDI SRA ct utd date ae har 10 
IMierainenssea CuINie areca Snes nests Gee tien Agha EN Shean eleioie es 131 
IMenmberstm@n=resigemitian cer 4 ya arael Gece einen on. 25 

"Tne so: oha/ai Bee Rcrc tice mea race canaliee om ic Aen Rue Rennn a Tar oct Bh ey 214 


Norte.—For list of Foreign Correspondents, see Proceedings of 1904. 
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OF THE 
TWENTY-FOURTH ANNUAL MEETING 
INDIANA ACADEMY OF SCIENCE, 
PURDUE UNIVERSITY, LAFAYETTE, INDIANA, 
NOVEMBER 26. 27 AND 28, 1908. 
OFFICERS AND EX-OFFICIO EXECUTIVE COMMITTEE. 

GLENN CULBERTSON, Iresicent A. J. BIGNEY, Assistant Secretary 

A. L. FOLEY, Vice-President G. A. ABBOTT, Press Secretary 

J. H. RANSOM, Secretary W. A. McBETH, Treasurer 
DAVID M. MOTTIER D. W. DENNIS J.C. ARTHUR 
ROBERT HESSLER C. H. EIGENMANN O. P. HAY 
JOHN 3. WRIGHT Cc. A. WALDO T. C. MENDENHALL 
C. L. MEES THOMAS GRAY JOHN C. BRANNER 
W. S. BLATCHLEY STANLEY COULTER J. P. D. JOHN 
H. W. WILEY AMOS W. BUTLER JOHN M. COULTER 
M. B. THOMAS W. A. NOYES DAVID S. JORDAN 


All sessions of the Academy will be held in the Chemical Building on the campus of Purdue University. Rooms 
will be provided in this building for the Secretary and other officers, and for committees. A general lounging room 
will also be furnished. 


ENTERTAINMENT. 


Arrangetments have been aude to care for those attending the Academy in fraternity houses within two blockz 
of the University grounds. A very low rate of $1.50 has been secured for supper on Friday night, night’s lodging 
and breakfast on Saturday morning. 

On Friday noon a lunch will be served at the University for 50 cents. 

Those desiring to have accommodations reserved for them should notify Dean Stanley Coulter at once. 

All attending the Academy should report at once at the Chemical building, where their reservation will be 
given them and they will then be shown to their lodging places. 


PROGRAM COMMITTEE. 


M. B. Thomas, Crawfordsville C. H. Eigenmann, Bloomington 
Glenn Culbertson, Hanover 


LOCAL COMMITTED. 


Stanley Coulter Perey N. Evans 
C. H. Benjaman 
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GENERAL PROGRAM, 
THURSDAY, NOVEMBER 26. 
Meeting of the Executive Committee at the Lahr Housc.......... 2.0.00. c cece eee eee ence eeee .. 8:30 p. m 
FRIDAY, NOVEMBER 27. 
CuHrmicaL Burmpine. 
(Hemera ll SESATIOM 6 0.0-0.0-0.4 0550 TS EEN ARS Ree er ree Sn eR iS Eiceee en AISI Art neiarc 9:00 a. m. 
BE ESIC EMUTSHA CLL CSS MMe ery tty on NONE eA Rt A ay A tatec tad ts aunt oy evenaiaaretene fonaves sia, eimeceecceenete 11:00 a. m. 
RUT CHINA TELE AU IULVETS IDV Pee eter years cr toe enh Ran aes Ck estore. eae a ME oS adie, couael Met epee 12:00 m. 
ImsHecnionvoimUmimersityaan delixhiDitsinn.-ja nae elseus acim reheat eels risks cipro ete 1:00 p. m. 
SEGHONMM COLIN CS tems Seco cetera cn 704 se niaus Gem ducvay suc aye «fees meets Mia eee ae Nei aoee ee 2:30 p. m. 
Lecture and Demonstration--High Frequency Currents. By Professor H. T. Plumb, Associate Pro- 
fessor of Electrical Engineering, Purdue University. Lecture Room, Electrical Building........ 8:00 p. m. 
; SATURDAY, NOVEMBER 28. 
CHEMICAL BUILDING. 
General Session followed by Section Meetings. ........... 0... c cece cece eee esses teseseeeens 9:00 a. m. 


Round Table. 


PAPERS TO BE READ. 


At eleven o’clock November 27 the Academy will hear the address of the retiring president, Professor Glenn 
Culbertson, on ‘Deforestation and Its Effects Among the Hills of Southern Indiana.” 


GENERAL. 

1. Work of the Pathological Laboratory of the Central Indiana Hospital for the Insane, 15m.......... 
Pe ets edd ot ait Sn eA Mane aya, Sose vis eae aad coo nance a eis Goren Dr. Geo. F. Edenharter 
2D. iNenr Goadies or lene nin Jhobbmr Wine esoeceugessconneeore og seonerebocvaneocansuccenuo% Amos Butler 
* 3. The Recent International Congress on Tuberculosis, 10m............................ Severance Burrage 
* 4. Biography and the Influence of Environment, 15m...........................-...0-- Robert Hessler 
* 5. Felkner Island, Wabee Lake, Kosciusko County, Indiana, 10m............................ J. P. Dolan 
CAEAR OLEAN ZOBNUESO Mm INR pe rm tey a2) a reo ait heya aN fe ee ea toa geet Ua eu A. J. Bigney 

* 7. The Shake Dance of the Quilente Indians, with drawing, by an Indian in the Indian School. Pre- 
SENECA) MPEP evar a tire. ples Se SIC a eal SE ee Soa ene Albertebgheagan 
* 8. Invasion of School Building by Bed Bugs, Acanthia Hirundinis, Parasites on Chimney Swifts. H. E. Enders 
* 9. Photographs of Morehouse’s Comet, 1908 (lantern).......................-..-.20--0- W. A. Cogshall 
“0, Selective IMaaniieintom Amos INES e oe os bas cacoonenuecssseeuecuauesodsunevecuse W. J. Moenkhaus 
UHL, Iie SiTChy. 2 ou eee ee ea eee rae nS ins ele Ror pede Rae |e pe Cee Lek ed J. G. Coulter 

BOTANY. 

* 1. Field Observations on Rusts for the General Botanist, 5m.................00c0eceeee renee J. C. Arthu 
cae Mee MED LIS CRO LMA ITO LILY del Ormintieyh wctahgectticcaneest fatness a Mle le Ce MRS. ocr ah Rie eee Ay F. D. Kern 
* 3. Notes on the Heteroecious Rusts of Indiana, 10m...............................-/ Aaron G. Johnson 
ae omMe Anomalies inthe Pmdosperm of Pinus) 5M. 9.24.56) 4e5 4s snes aes. soso. see ee D. M. Mottier 
Zam OLestonmtheyseediess Persimmon, OM): ..-4-. 24-02 s20+es2 cence ooseece osdeassecuss Win. L. Woodburn 
AO meAuLreluninanyelist ot the! Mung of Indiana, 5mMk.4..442500.556 445.) scsenedese sss ce eee J. M. VanHook 


*Papers read. 


we 
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Testing Seed Corn by Specific Gravity, 5m................... (else date te ee H. A. Dunn 
Notes on the Flora of Cass County, Indiana, 10m................ HR eras fe diveco t Robert Hessler 
Bean Anthracnose; 10m s\.):-:seccciceorccnsee ace cievels «:cyeteceveceytincesee/e: btdow a eistors ys] otev> ee eee M. F. Barrus 
NindophyticrAlraesd Omiya tc meek erecrree ieiaei steele A Si oiccGeioc Jacob Schramin 
RenortofiWorksiny Corn) Pollination olen ermeceeiies er ate seen eee M. L. Fisher 
Pffect of the Recent Drought Upon Forest Trees, 10m.....................- 2020-002 Stanley Coulter 
Difference Between Pinus taeda and Pinus palustris, 10m.......................... Katherine G. Bitting 
Acorest: Problem slOmis:; hsSro.tctcins w euttonin as eters, uo cr aeadgnveistcle stra hae ues ea W. H. Freeman 
Botany) inthe High School) QOmy sax. cc euste ereiteesecere ol cvenete 0 ciel eleteeeveveyelel es cose aie evel av eee E. C. Snarr 
The Killing of Mustard and Other Noxious Weeds in the Grain Fields of South Dakota, 10m....E. W. Olive 
Thestlanktoniofeans Underground s treanie sera ert teeta rer iter esi aereteie e Will Scott 
Anthracnose on Cereals and Grasses...................+....+..-+.......-A. D. Selby and T F. Manns 
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*Papers read. 


EXHIBITS AND DEMONSTRATIONS. 


All of the laboratories of the University will be open for inspection during the session of the Academy and 


from 1:00-2:30 on Friday members of the Instruction Stafi will be present to explain apparatus and methods of 
work, 


Some special exhibits will be made as follows: 


TESTING LABORATORY OF THE MECHANICAL BUILDING. 


In the Timber Testing Laboratory will be demonstrated the methods used in the Forest Service for testing 
wood. ° 


CHEMICAL BUILDING. 


Exhibit of Literature and Apparatus used in the fight against Tuberculosis. 


AGRICULTURAL BUILDING. 
The Departments of Agronomy and Extension Work and the State Chemist will make exhibits in the Soil 
Physics Laboratory and the Agronomy Class Room. 
The Department of Agricultural Engineering will exhibit in Room 201. 


The Department of Animal Husbandry wili exhibit micro-photographic work, hog cholera vaccine and other 
research work in the Veterinery Science Laboratory and Museuin. 


HORTICULTURAL LABORATORY. 


Exhibit of appliances used in spraying infected plants. 


DAIRY LABORATORY. 


Exhibit of appliances used in the care of dairy products. 


UNIVERSITY FARM. 


Exhibit of experimental feeding work, the dairy herd and various breeds of sheep and hogs. 
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THe Twenty-KourtH ANNUAL MEETING oF THE INDIANA 
ACADEMY OF SCIENCE. 


The twenty-fourth annual meeting of the Indiana Academy of Science 
was held at Purdue University, Lafayette, Indiana, Thursday, Friday and 
Saturday, November 26, 27 and 28, 1908. 

Thursday evening the Executive Committee met at the Lincoln Club 
and transacted the business coming before them. ‘They directed the Sec- 
retary to request of the Legislative Committee, having the matter in 
charge, the doubling of the appropriation for the Academy. It was voted 
that the next meeting be a celebration of the twenty-fifth anniversary of 
the founding of the Academy and that an attempt be made to bring to- 
gether all the educational interests of the State, as well as to have present 
all the living ex-Presidents of the Academy. 

At nine o'clock Friday morning the Academy met in the chemistry 
building at Purdue. President Culbertson presided. The transaction of 
business and the reading of papers occupied the attention of the meeting 
until eleven o’clock, when the President delivered his address on “De- 
forestation and Its Effects Among the Hills of Indiana.” 

At noon a luncheon was served on the top floor of the chemistry build- 
ing, followed by an inspection tour of the buildings of the University. 

On reconvening at two o’clock a short business meeting was held, after 
which papers were read in sectional meetings. In the evening Professor 
H. T. Plumb, of the University, delivered an interesting lecture on the 
subject of “High Frequency Electric Currents.” 

Saturday morning at nine o’clock the Academy reconvened and com- 
pleted the reading of papers and the transaction of business, adjourning 
at eleven o'clock to meet in next annual session at time and place selected 
by the program committee. 


PRESIDENT’S ADDRESS: 


DEFORESTATION AND Its Hirreots AMONG THE HILLS OF 
SouTHERN INDIANA. 


By GLENN CULBERTSON. 


No region of America, east of the Rocky Mountains, was in the past 
more densely wooded than were the hills and valleys of southern Indiana. 
Some of the most magnificent specimens of the temperate latitude forest 
trees found a suitable habitat along the crests of the divides, and upon 
the valley slopes of the Ohio River and its tributaries. Very few un- 
wooded areas were found among the hills of southern Indiana, and such 
as were present were not large. 

The “flats” or “slash” lands, forming the watersheds between the Ohio 
and the Wabash and their tributaries in many parts of southeastern In- 
diana, were occupied largely by the sweet gum, or liquidamber, the black 
gum, beech, shell-bark hickory, black-jack and red oaks, red maple and 
hackberry. 

On the gently-rolling land and among the hills the yellow poplar, white 
and chinquapin oaks, the black walnut, sugar maple, beech, hickory, buck- 
eye, black locust, linn or basswood, the white and blue ash, and on the 
still more precipitous and rocky ridges the chestnut oak and cedar, were 
found. 

In the rich alluvial bottoms, and along the streams, in addition to 
many of the rolling land trees, were present in their greatest luxuriance 
the elm, the cottonwood and the sycamore. Many of these trees were 
among the giants in dimensions. There were yellow poplars from one hun- 
dred to one hundred and twenty-five feet in height, and from twenty 
to twenty-five or more feet in circumference. Sycamores grew along the 
larger streams and in the river bottoms, of such dimensions that their 
hollow trunks were sometimes used as rude dwellings and as stables. 

White oaks and black walnuts grew to such size and in such profusion 
that were they to be had now, in their original numbers, their value would 
be twenty-fold greater than the present value of the land from which they 
were cut. 


To clear the ground of such a forest growth, the pioneers had indeed 
a difficult task. After a generation of fierce fighting on the part of our 
fathers that they might overcome their then common enemy, the forest, 
it is not at all surprising that it is even yet difficult to bring the present 
generation to a proper realization of the benefits of the living forest. 
All appreciate the value of the timber, but very few of the people realize 
the benefits of the forest to the country at large; nor do they yet under- 
stand the methods by which forest lands may be made as profitable as 
cultivated areas. To cut away the trees, and to bring the land under 
cultivation, appears to be the great purpose of the majority of those still 
possessing a few acres of woodland. To such an extent has the work of 
deforestation been carried on, even among the hills of southern and 
southeastern Indiana, that less than ten per cent of the original forest 
areas are still left intact. Those portions of the original forests yet stand- 
ing have in the greater number of instances not more than 30 per cent of 
their former number of trees. 

Contrary to what might have been supposed, a larger per cent of the 
steep hill slopes has been cleared than the land of the more level regions. 
The slopes of the higher hill lands, such as are found in portions of Clark, 
Jefferson, Switzerland, Ohio, and Dearborn counties, and to an equal ex- 
tent in the river counties to the southwest and in the adjoining State of 
Kentucky, have been almost entirely denuded of their forest growth. 
Here and there, however, on land that has become valueless for agri- 
cultural purposes, nature has begun to repair the general destruction, and 
a scattering growth of bushes and young trees has sprung up. 

It is the purpose of this paper to treat of some of the questions, geo- 
logical and meteorological, as well as economic, arising from the defor- 
ested conditions found in the hills of southern Indiana. Special study. 
however, has been made of the regions comprised in the basins of Four- 
teen Mile, Indian Kentucky, Indian and Laughery creeks and the smaller 
streams emptying into the Ohio River in Clark, Jefferson, Switzerland, 
Ohio, Dearborn and Ripley counties. What may be said of this general 
region is largely applicable likewise to other localities with approxi- 
mately similar conditions. 

One of the most striking effects of the deforestation of this region 
has been upon the ‘immediate run off” of the streams. As could have been 
predicted, the amount of this “immediate run off,’ for any given precipita- 
tion, has rapidly increased as the forests have disappeared. The volume 
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of the flood waters of the streams has year by year kept pace with the 
destruction of the wooded areas. This has been notably true of the vol- 
ume of the different tributaries of Indian Kentucky Creek, which has come 
more immediately under my observation. Within the last ten years these 
streams have repeatedly had record-making floods. 

It has been estimated that, upon all the lands of the earth, some 36,- 
000 cubic miles of water fall per year, and that of this amount some 6,000 
cubic miles finds its way into the sea by way of the rivers and streams. 
Thus the annual average run off from the lands is approximately 16 per 
cent. The average “immediate run off’ of such streams as obtain their 
water supply from the hills referred to in this paper must. have varied 
enormously with the change from the completely forested condition of the 
past to that of the present. Then, there was a universal leaf mulch, and 
a deep, porous soil, filled with roots and decaying vegetation. As com- 
pared to that, there is now a compact sod, a shallow and very compact 
clay or a rock surface. The average annual ‘immediate run off’ from 
these streams today is at least 50 per cent greater than that from the 
same regions under the forested conditions of the past. 

One of the most apparent consequences of the greatly increased “im- 
mediate run off” is the gradual lowering of the ground water level in all 
portions of the State and especially among the hills. As the ground water 
level is lowered the flow of springs and of wells is stopped, or very much 
reduced, in time of drouth. At no time in the history of southern Indiana 
and northern Kentucky have springs and wells so completely failed as has 
occurred during the season just past. Water for family use and for stock 
has in hundreds of instances, and during many weeks, been obtained from 
distances of one or two miles. The water supply in villages and small 
towns became very limited or gave out entirely. In many parts of the 
State, even at a distance from those portions having a rough topography, 
wells are being driven to greater and greater depths in the endeavor to 
obtain a permanent water supply for mills and factories, as well as for 
farm animals. These unfortunate conditions may properly be attributed 
in large part to the greater immediate run off of the rainfall resulting from 
deforested conditions. 

That deforestation in general, and in the regions referred to in this 
paper in particular, causes a decrease in the total precipitation can hardly 
be doubted. The problem of the influence of forests on precipitation is 


one not easily solved, and is one which has long troubled investigators, 
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It appears. to the writer that both theory, and the observation of the 
phenomena, substantiates the statement that deforestation greatly influ- 
ences the rainfall. 

It is not probable that the ordinary winter and spring precipitation is 
to any extent affected by the presence or absence of forest growth. That 
the summer and autumn rains are often greatly modified, on the other 
hand, can hardly be questioned. 

In the first place, the presence of a heavy leaf mulch, and of the very 
porous and highly-absorbent soil of a forested area, is a sufficient guaran- 
tee that at the beginning of the hot season the soil shall be filled with 
moisture from the winter and spring rains. Under the present deforested 
conditions of the hill lands the immediate run off is so great, because of 
their compact and rocky surfaces, that it is at least questionable whether 
the ground is ever fully saturated, even at the beginning of the summer 
season. Moreover, if such a compact soil were saturated, capillary action 
would cause a very rapid evaporation during the first few weeks of warm 
weather, and hence greatly diminish the supply of ground water before 
midsummer. 

Given, however, the soil and subsoil of a forested region thoroughly 
saturated with water at the opening of the hot season, the leaf and loose 
soil mulch effectively stops evaporation resulting from capillary action. 
The ground water then is largely conserved until drawn from the soil by 
means of the roots of the forest trees, and evaporated from the leaf sur- 
faces later in the season, when the trees need the moisture for growth. It 
is a well-known fact that the evaporation from the leaf surfaces of the 
greater number of trees in a moist climate is very important. Carefully 
conducted experiments have shown that from the leaves of a birch tree 
of moderate size, from 600 to 900 pounds of moisture is evaporated in 
twenty-four hours, and that from a large elm there may be given to the 
atmosphere as much as several tons in the same period. The amount, 
however, varies very considerably with the atmospheric conditions. It is 
a fact of common observation that large trees, such as the oak, growing 
in cultivated fields, so completely take up the moisture from the earth 
that the corn or other crop fails to mature for a distance of many yards 
from them. 

In a forested region the approach of a low barometric area, with its 
accompanying high temperature conditions, in accordance with the laws 


of vaporization, causes a corresponding increase of evaporation from the 


foliage. Moreover, as the evaporation increases, in the same degree the 
temperature is modified, since the greater the amount of water changed 
into vapor the greater the quantity of beat absorbed in the process. Re- 
ducing the temperature increases the relative humidity of the atmosphere. 
Hence, in two ways the atmospheric conditions are made more favorable 
for a copious and general rainfall at the approach of low barometric areas 
during the hot season. 

It has always been true, perhaps, that many thunder-storms and 
showers during the summer months, and particularly in July and August, 
give moisture to very limited areas. Careful observation during a nuim- 
ber of years has convinced the writer that as the forests have disappeared 
the average territory covered by our summer thunder-storms has been 
gradually and greatly decreasing. Repeatedly during the last few hot 
seasons, and especially during the one just past, the arrival of a low 
barometric area caused the formation of a few thunder-clouds, but these, 
instead of increasing in volume and advancing so as to cover a larger and 
larger region, soon dwindled and disappeared. The failure of the present 
deforested areas to add to the sum total of the general atmospheric mois- 
ture, as the heated conditions of the low barometric area approached, and 
also the failure in the formation of vapor in the given locality, both 
served to decrease the rainfall of the thunder-storm. This was due, first, 
to the lack of a local vapor supply to add to that brought in by the winds 
from a distance, and which is very necessary for the formation of clouds 
in the hot season. Again, when the supply of moisture may have been 
sufficient to form a thunder-cloud, its advance was into a highly heated 
dyvy region with its low relative humidity. The absence of any considerable 
local evaporation, and the resulting high temperature caused the re-evap- 
oration of the condensed moisture of the clouds and no precipitation fol- 
lowed. 

The weather conditions of the deforested areas during the hot months 
are more and more nearly approaching those of the hot arid regions of 
the west, where a thunder-cloud formed under favorable conditions very 
frequently disappears because of re-evaporation as it advances into a 
territory more highly heated, and of a lower relative humidity. 

In another way also the presence of forests tends to add to, and 
their absence to diminish, the precipitation of the summer months, and 
that is in causing secondary showers after the main storm is over. The 
enormous leaf surface, covered with moisture by the rain just passed. 
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causes a very rapid evaporation to take place almost immediately. Hence, 
during the hot months, a number of secondary showers quite often fol- 
lowed a thunder-storm under forested conditions. The old weather adage 
that “Fog rising from the hills will soon give water to the mills,” seldom 
failed of fulfillment. The benefits derived from the more gently faliing 
showers following the hard downpour of the thunder-storm in filling the 
soil of the cultivated fields and pasture lands can hardly be estimated. 
It is the moisture from these rains that adds very greatly to the ground 
water, especially on the firmer earth surfaces. 

Again, if it be true, as now appears from records kept during the last 
ten years, that the summer rainfall of the trans-Mississippi states, par- 
ticularly Oklahoma, Kansas and Nebraska, be increasing, it would uphold 
the theory just advanced. In contrast with the naked prairie of the past, 
which had a large immediate run off, the plowed lands of today are a 
much better absorber of moisture, and would increase very much the ground 
water supply. The early summer cultivation of extensive cornfields would 
tend to conserve this moisture, until the rank growth of corn or other 
cultivated vegetation, with its extensive leaf surface, would add greatly 
to the evaporating surface. This would increase the local atmospheric 
moisture, especially during July and August. Hence, if the above theory 
be true, there should be ordinarily an ever-increasing rainfall during those 
months year by year, just in proportion to the area of original prairie 
land put under cultivation. if trees were more extensively planted, the 
results in increased rainfall should be marked to the same degree. 

In résumé, we may say that theory upholds, and observation sub- 
stantiates the statement, that deforestation greatly increases the immedi 
ate run off, and as greatly decreases the ground-water supply of a given 
region. It is equally true that the absence of forests seriously decreases 
the evaporation, and the amount of vapor in the atmosphere, during the 
hot months. Again, the absence of evaporation permits of higher local 
temperatures on the approach of low barometric areas and hence the rela- 
tive humidity of the atmosphere must be lower. All tend toward the re- 
duction of the rainfall during the late summer months, when of all times 
it is most needed for the growth and maturing of vegetation. 

Furthermore, we believe that it can be shown that deforestation has 
a tendency in a region of rough topography, such as is found among the 
hills of southern Indiana, to localize the hot season rainfall, and to pro- 
duce conditions approximating those of the so-called ‘‘cloudbursts” of the 
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Rocky Mountain regions of the West. A case in point occurred during the 
past summer in the latter part of July over an area of some Six or eight 
square miles along the divide between the basins of Indian Kentucky and 
Indian creeks and their tributaries, in eastern Jefferson and western 
Switzerland counties of this State. The rainfall in this case was un- 
precedented for the region. On one border of the given area a government 
rain gauge, kept by J. R. Shaw, Jr., was filled to the brim, the measure- 
ment amounting to three and one-half inches, and then ran over for an 
unknown period. Afterward the gauge was emptied and received one and 
one-half inches more, making at the least five inches, and probably mnch 
more, in the period of two hours during which the rain fell. Other and 
more reliable measurements in locations more nearly the center of the 
storm area were made and a precipitation of at least ten inches in the 
two-nour period were recorded. 

The conditions producing this exceptional and very destructive rain- 
storm were as follows: The region to the west and southwest of the 
storm-swept region is one ot the roughest topographically in southern In- 
Giana. The whole area for ten or twelve miles in this direction forms 
the basin of Indian Kentucky Creek and tributaries, and the hills rise 
in many instances 400 to 450 feet above the valleys, and the slopes are 
very steep. From the whole basin the forests have been almost entirely 
removed. On the day referred to the temperature was unusually high, 
some thermometers within the area registering 102 degrees in the shade. 
There was no movement of the air until early in the afternoon, when a 
gentle southwest wind arose, and this caused the highly-heated air of the 
whole region to move northeastward. The valley of Brushy-fork Creek, 
one of the principal tributaries of Indian Kentucky Creek, became the 
center of the air movement. About three in the afternoon a cloud began 
to form above the divide and around the head of the valley of Brushy-fork 
Creek. The highly-heated air ascended very rapidly on reaching the divide, 
and the consequent rapid cooling of the air by expansion caused an equally 
rapid condensation of the moisture of the air. The cloud increased in 
volume with very great swiftness, and the rain fell in torrents, first over 
a very limited area and then over a wider region. The center of the storm, 
however, instead of moving, as is usually the case, remained almost sta- 
tionary for a period of two hours. During this time the winds from al- 
most the entire surrounding region moved slowly towards the now en- 
larged area of precipitation. There were few if any clouds outside of 
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the six or.eight square miles covered by the storm, but the hot air from 
the proximity, on reaching this area of rapidly rising atmosphere, con- 
stantly added its moisture to that being condensed, with the result that 
for two hours the downpour continued. This very unusual precipitation 
proved exceedingly disastrous to the soil of the cultivated fields, and to 
the roads and bridges as well as to property of all kinds along Brushy- 
fork Creek and the larger tributaries of Indian Creek. Both of these 
streams were several feet above any previous record. Where a few mo- 
ments before there were dry, rocky creek beds, now became .a wild flood 
from six to ten feet in depth and from 300 to 500 feet wide. Buildings 
were carried away that had seldom or never been touched by previous 
floods. 

In the opinion of the writer this cloudburst, which in truth it was, 
was caused by the intense heating of the deforested region of very rough 
topography to the southwest, followed by the gentle movement of great 
volumes of heated air in a northeasterly direction, until in its passage 
over the divide it rapidly ascended. Becoming cooled in its ascent, the 
enormous quantity of moisture held in the highly-heated atmosphere rap- 
idly condensed, and the unprecedented rainfall for that region followed. 
It may be years before conditions of temperature, moisture and winds 
would unite to produce another such storm in the same locality, yet the 
probabilities are that in the future such rainfalls will become increas- 
ingly frequent somewhere in such deforested areas of rough topography. 

From observations in the Rocky Mountains of Colorado and Wyoming, 
the cloudbursts of those regions are formed under essentially similar con- 
ditions, so far as the absence of forests and areas of highly-heated air are 
concerned. In the mountains, however, these storms may be more intense, 
and more frequent, because of the greater height of the divides and the 
almost entire absence of vegetation or even of any considerable mantle 
of soil. 

Observation of the hill region of southern Indiana compels one to 
believe that as the forest growth has disappeared such storms Have be- 
come more prevalent. Excessive rainfall occurs over limited areas, while 
drouth conditions prevail over the surrounding country. In the one place 
of rainfall the destruction caused by the flood may be even more dis- 
astrous than the continued drouth over the nearby territory. 

The effect of forest destruction upen streams has often been described 
und need not be dwelt upon in this paper at any length. In the area 
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of hill lands of southern Indiana there can be no reasonable doubt that 
as the trees have been removed there have been greater and greater floods ; 
and now as the forests have almost entirely disappeared the floods have 
become exceedingly destructive. Dwelling houses that had stood above 
the highest waters of the streams for half a century have, within the 
last decade, since the higher prices for timber have caused the more 
rapid disappearance of the trees, been inundated repeatedly and many 
of them carried away. Bottom lands that twenty years ago had a deep 
and fertile soil are now almost worthless. The flood waters have carried 
away the greater part of the tillable earth and left in its place stones and 
gravel. In other places the alluvium of the bottoms has been covered 
by material from the hills. Thousands of acres of such land, which a 
few years ago was the most fertile and valuable in the State, are now 
undesirable. i 

Hand in hand with the flooded conditions and consequent destruction 
caused by the larger streams has gone the loss of soil by erosion from the 
deforested hill lands. It is no exaggeration to say that, from the greater 
number of hill farms placed under cultivation a quarter of a century ago, 
there bas been removed on the average a foot .of soil, and from many 
slopes there has been taken three or four times,as much. Tens of thou- 
sands of acres of the steeper hillsides have been denuded of their soil 
covering and are at present valueless for ordinary agricultural purposes. 
How to prevent this denudation is the most serious problem that the hill 
farmer has to solve. In many cases a single heavy rain in February or 
March, when the departing frost has left the ground in its least compact 
coudition, has been known to remove from a whole slope an average of 
four or five inches of the soil. Fields that before the rain were consid- 
ered good farming land were left so covered with rocks, and with so little 
soil, that they were practically abandoned. Farmers among the hill lands 
are realizing mere and more that a loss of soil is the most serious of prop- 
erty losses, since a damage of this character cannot be repaired except by 
the ordinary processes of nature, which require scores and even hundreds 
of years. Farm after farm in southern Indiana, considered very valuable 
thirty years ago, is practically deserted today. The population of this 
region first occupied the hills, and considered the soils of the flats and 
divides very undesirable. For many years now, however, the tide of move- 


ment of the people has been from the hills to the flat or gently rolling 
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lands. As.a result the population and wealth of many of the hill counties 
have been gradually and greatly diminishing. 

Many of the streams, flowing down steep beds in their short courses 
from the divides to the Ohio, at one time furnished valuable water power. 
They are now useless. Were it possible to control such streams as Four- 
teen Mile, Indian Kentucky, Indian and Laughery creeks and many others 
in Clark, Jefferson, Switzerland, Ohio, Dearborn, Ripley and other coun- 
ties in southern Indiana, very valuable water power could be obtained. 
Under the present condition of floods and drouths, however, they are 
valueless aS a source of power. Streams that thirty years ago furnished 
abundant power for mills during ten months of the twelve now are even 
without flowing water for almost half the time. 

The alternate floods and drouths have had a serious effect also upon 
the animal life of these streams. ‘The great volume of muddy and rap- 
idly-flowing water sweeps thousands of the smaller fish from their proper 
habitats into larger pools, where they become a prey to their own kind. 
On the other hand, drying up of the pools of almost every small and of 
very many of the larger streams causes the destruction of the young of 
our most valuable game and food fishes as well as of minnows and of 
crayfish upon which the more highly-prized fishes feed. In the flooded 
streams following the unusual freshets of March and April of the present 
year bass and other species of fish ascended the smaller streams almost 
to their very sources for the purpose of spawning. The severe drouth of 
the late summer and autumn months dried up the pools and caused the 
death of such quantities of the young fish and other animal life that the 
odor of their decaying bodies was very offensive to persons dwelling along 
the streams near the pools. It would be quite within the truth to say that 
several wagon loads of minnows and the young of our food fishes thus per- 
ished this season in the tributaries of Big and Indian Kentucky creeks in 
Jefferson County alone. Some of the young bass were removed to larger 
pools, but thousands upon thousands were destroyed. It would seem al- 
most useless to restock our streams with bass and other valuable food and 
game fishes if the periodic floods and drouths are to continue and to grow 
in magnitude and severity. 

The points already discussed represent but a part of the evils result- 
ing from deforestation among the hills and valleys of our southern coun- 
ties. We need not speak of the more manifest economic phases of the 
subject, such as the failure of the timber and the fuel supply, and the 
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higher prices resulting. Enough has been said to convince all that the 
only hope for the future prosperity of great areas of our State lies in re- 
foresting. In the first place, reforestation should be urged upon the 
present land owners. Many an acre of untillable soil could be planted in 
black locust, catalpa, black walnut or shell-bavk hickory with good pros- 
pect of speedy returns upon the investment. Wealthy men, interested in 
the preservation of game or fish, should be encouraged by favorable laws, 
or otherwise, to purchase large tracts of the hill lands of the State, and 
to plant them in timber. 

Our State has already made a good, although very small, beginning 
in forestry. In the writer’s opinion it would be the highest economy for 
the commonwealth to purchase and reforest tens of thousands of acres of 
her rougher hill lands along the Ohio and other streams. These lands are 
almost valueless for agricultural purposes. Covered with a growth of our 
most useful trees, they would in time return a rich revenue to the State; 
they would again become covered with soil; the present unsightly and un- 
profitable gullied fields and yellow clay points would disappear; the loose 
soil and leaf mulch resulting would again absorb great quantities of 
moisture, reduce the immediate run off, and hence diminish the volume 
of the flooded streams. At the same time the ground water supply would 
be greatly augmented; our late summer rains would be more numerous 
and more copious; wells and springs would be more permanent and give 
larger volumes, and our most severe drouths, destructive to all life, 
prevented. 

The probabilities are, however, that private enterprise alone will 
never restore the forests to our hills as fully as the best interests of the 
people demand, hence the State and Nation must be called upon to take a 
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leading part in reforestation. 
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Work or THE PatHonocicat, LABORATORY OF THE CENTRAL 
Iyprana Hosprran ror [nsans, INDIANAPOLIS. 


By Dr. Geo. F. EDENHARTER, SUPERINTENDENT. 

The time allotted to review the work of our Pathological Department 
barely permits even a brief presentation of its policies, methods and re- 
sults. 

It should not be inferred from the name that the work therein is 
purely of a pathological character, because in addition thereto all methods 
of clinical investigation—psychical, physiological, chemical, bacteriolog- 
ical, etec—are employed. 

This department had its inception in a desire to establish the work 
of this hospital upon a scientific basis—to provide our medical staff with 
facilities for the accurate determination of the character of the diseases 
met with in institutional life. 

It was also our ambition to create a scientific department—a medical 
center—for the use of the physicians and medical students of the State, 
wherein the diseases of the mind and nervous system could be clinically 
studied and, if possible, to determine their cause and formulate methods 
for their prevention and cure. 

We recognized that ultimate success in preventing and controlling 
these diseases could only be achieved by providing every community with 
practitioners who had been thoroughly taught the most approved methods 
of care and treatment of the incipient stages in these cases, and this in 
connection with a close clinical study of the various forms of insanity. 

_ We knew that the greatest opportunity for successful results pre- 
sented itself in the early stages of these maladies and therefore determined 
to exert our energies in an endeavor to provide facilities for the educa- 
tien of the individual who expected at some future time to assume the role 
of a family physician. 

Students who interest themselves in this specialty are urged to visit 
this department, where every effort will be made to assist them in obtain- 
ing a knowledge of the laboratory and clinical methods in vogue. 

When requested, our pathologist properly directs their efforts in re- 
search in any desired direction. 
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Our expectations for this department are gradually being realized, and 
it is with a feeling of personal pride that I am able to make the state- 
ment that this hospital is today presenting to the students of the medical 


colleges of Indiana a course of lectures 


didactic and clinical—concerning 
the diseases of the mind and nervous system, their cause, pathology and 
treatment, unsurpassed by any educational institution in this country. 

We believe that you who are at all conversant with the facts, recog- 
nize the many,serious obstacles to be overcome in inaugurating and prose- 
cuting work of a scientific character in public institutions. 

In the very nature of things there must be many plans, and many de- 
feats, and in the end, when the decisive battle is waged, you may achieve 
one victory. 

It is the hope that this may be the final outcome of our effort wherein 
we find the sustaining strength to carry the burden. 

It is fortunate indeed that we cannot peer into the future and expose 
to view all the keen anxieties and bitter disappointments which are to 
be our portion in connection with prospective work. 

The building was erected in 1895, and the equipment was installed in 
1896. 

The dedicatory exercises were held under the auspices of the Marion 
County Medical Society on December 18, 1896. At this meeting a paper 
on “The Evolution of the Physiology and Pathology of the Brain and 
Spinal Cord” was read by Prof. Ludwig Hektoen, M. D., of the Rush Med- 
ical College. 

Prior to the appointment of a resident pathologist the hospital staff 
utilized the facilities of this department in making such examinations as 
occasions demanded. They also performed autopsies. 

The first attempt to systematize and direct the work was outlined in 
the following notice: 

, “The laboratory work for the staff of the hospital will begin April 
1, 1898. 

“The department is now ready for making examinations of material 
for diagnostic purposes. 

“Hach member of the staff should possess a copy of Stirling’s Histol- 
ogy, several dozen glass slides and covers. 

“The study will be from ten to twelve in the forenoon, each member to 
be in the laboratory every other day. 

“Attendance upon this course is obligatory. 
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“When autopsies are made, the assistant physician who had charge 
of the patient shall assist the pathologist in making it.” 

Under the above arrangement the hospital staff was given a thorough 
review of histology, bacteriology, microscopy, chemistry and pathology. 

The sphere of work was gradually broadened. 

I quote from the report of 1900-1901 : 

“Two objects have been constantly in mind in developing the work of 
the laboratory during the past year: 

“First. That of enabling the members of the resident medical staff 
to conduct their study and treatment of the cases committed to the care 
of the hospital with a knowledge of the pathological basis of disease and 
a more intimate knowledge of the structure and functions of the nervous 
system as revealed by recent scientific researches in this field. 

“Second. ‘That of placing upon a thorough systematic and working 
basis the study of the nervous system and organs of those cases upon 
which an autopsy is allowed. 

“Tn carrying out the former the following methods have been adopted: 

“Hach morning for two hours, from ten to twelve, three members of 
the medical staff are engaged in the study of the normal and diseased or- 
gans. In these morning classes the work is individual and inductive. 
In studying an organ, stained, injected and digested sections are first drawn 
with different magnifications and then descriptions of the same written 
without the aid of books or teaching. The gross anatomy and anatomical 
relations of the organs are then reviewed. When this has been accom- 
plished, a pathological section of the same organ is given without the 
student knowing its designation. From this drawings and written de- 
seriptions are made of those parts differing from the normal sections be- 
fore studied. This having been done, the pathologist goes over the sec- 
tion with him, correcting the work where necessary and pointing out 
those parts of more importance, and together they arrive at a diagnosis 
of the diseased condition. From the changes found, the student then con- 
structs the gross appearance of the organ thus diseased and describes the 
clinical symptoms which would be most likely present during life in a 
patient so afflicted. The process of reasoning in this work, it will be seen, 
is practically the same as that which the physician pursues in diagnosing 
his case upon the wards; here, however, he starts with the diseased 
organ and builds up his clinical symptoms; there he arrives at the 


changes in his organ from the clinical evidence. Incorporated with this 
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work there is constantly a review of the anatomical and physiological re- 
lations of the organ studied. 

“Besides these morning classes, two evening courses of lectures have 
been given, the first on ‘Clinical Anatomy,’ the second on ‘The Finer 
Anatomy of the Nervous System. In the former, which extended over 
a period of two months, the time was spent in the study of the normal 
relations and position of the abdominal and thoracic organs, the staff out- 
lining these by clinical methods on living subjects after the position of 
each had been indicated by drawings and upon a skeleton. 

“To the second series of lectures the physicians of the city were also 
invited. This course extended over a period of three months. 

“The excellent library of the laboratory has been rearranged and two 
different catalogues made, to enable the staff to carry on their studies with 
more freedom and to open for them every opportunity to do original work. 
The medical journals have also been rearranged in regular series, with 
the same object in view. 

“To aid in teaching and study, the gross specimens in the museum have 
been carefully mounted and arranged in groups. As this is added to 
from time to time it will form a very important feature in the advan- 
tages which the laboratory offers for study. 

“Enlarged drawings have been made of Miss Florence Sabin’s excel- 
lent model of the medulla, pons and mid-brain, to aid in the teaching of 
this important and very intricate portion of the central nervous system. 
Nothing could be of more service in enabling the student to grasp the 
structure of this region than the model which Miss Sabin has constructed.” 

In 1900 the medical colleges commenced their didactic and clinical 
lectures to their students. This course, with a variation of the program, 
has been continued each year. Indiana University also presents an annual 
course in psychology. The pathologist each lecture-day presents some 
pathological demonstration, the program for each session being: 


Didactic lecture, one hour. 
Clinical lecture, one hour. 
Pathological lecture, one hour. 
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Members of the hospital staff alternate in arranging cases for the 
clinical lectures. This course is free to practioners and students of medi- 
cine; others are admitted upon special permission of the superintend- 
ent or lecturer. 


From the report of 1905 we take the following : 

“Beginning October 1, 1903, and continuing until the last of December 
of the same year a series of lectures and demonstrations was given to the 
assistant physicians on the anatomical relations and the physiological 
functions of the various parts of the nervous system, on the different 
changes produced by the different pathological conditions that were liable 
to involve them, and upon the clinical symptoms manifested by such in- 
volvement. 

“After the ist of January. 1904, regular staff meetings were insti- 
tuted and held three times weekly, namely, Monday, Wednesday and Fri- 
day mornings from 10:30 to 12. At these meetings the assistant phy- 
sicians alternated in presenting one or more cases. A systematic exam- 
ination was made.of the mental condition and also of the physical condi- 
tion, where this had not been done beforehand, by the physician in charge, 
followed by a discussion of the case by those in attendance. A synopsis 
of the more important clinical features of each case, together with a sum- 
mary of the clinical manifestations, was recorded. 

“The object of these meetings was to create a nucleus upon which more 
complete clinical records could be built, and for this purpose a short re- 
port was made and filed away of each case, pointing out the prominent 
and characteristic feature of the individual cases presented. An endeavor 
was also made to determine the underlying conditions that were the prob- 
able factors in bringing about the mental disturbance. This problem was 
found to be an extremely difficult one. Many important factors came into 
consideration when an attempt was made to bring about a solution of this 
problem which were most difficult to regulate and control, in many cases 
wholly impossible, and tended to make this part of the work a source of 
discouragement and in many respects very unsatisfactory. One of the first 
essentials in the study of all pathological conditions, whether mental or 
physical, is, of course, to have a correct conception of the normal, or what 
is regarded as normal, in the individaul case. Without this one cannot ar- 
rive at a definite conclusion as regards the degree and extent of the ab- 
normal conditions that developed or that may do so. In the majority of 
cases presented very little information was obtainable, apart from that of 
the commitment record, or from the patients themselves. The former re- 
ports, unfortunately, were very incomplete, and the latter almost invari- 
ably were more or less distorted or modified by the trend and coloring of 
the mental disturbance existing. Consequently, any conclusions arrived at 
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can only be of corresponding value. In addition to this, it is of the great- 
est importance to have a full report of the heredity, early education, train- 
ing and environment of each case in order to understand and appreciate 
the character and nature of the disturbances that may be manifested. 
And, finally, there is requisite a full report of the results of a complete 
examination of the patient’s condition at the time of admission, or as soon 
thereafter as possible, both mental and physical, together with a record 
of the case while in the institution. Without these data it is impossible 
to place the pathological work in its proper relationship to the clinical 
aspect, or to place the latter upon a definite pathological basis.” 

Since the above was written the work has been carried on practically 
along the same lines, with a constant endeavor to improve the methods and 
perfect the details. 

This year we have undertaken the re-examination of every patient in 
the hospital in accordance with an approved schedule with regard to 
the mental and physical condition. 

This procedure will be followed in all new cases admitted. 

When this work is completed we will have a systematized record of 
each patient that will be of the greatest practical value. 

The Marion County Medical Society has held a number of meetings in 
this department. These occasions were largely attended and marked by 
an awakening of professional spirit that was extremely gratifying. It 
has been the policy of the hospital to have each of these meetings ad- 
dressed by an eminent medical man. 

The first was addressed by Prof. L. Hektoen, of Chicago, upon “The 
Contributions of Anatomy and Pathology to the Nervous System.” 

The second by Jos. G. Rogers, M. D., of Logansport, upon “The First 
Aid to the Insane.” 

The third by C. B. Burr, M. D., of Flint, Mich., upon “The Care of the 
Recent Case.” 

The fourth by Lewellyn F. Barker, M. D., of Chicago, on ‘The Im- 
portance of Pathological and Bacteriological Laboratories in Connection 
with Hospitals for the Insane.” 

The fifth by Stewart Paton, M. D., of Baltimore, upon “The Recent 
Advances in Psychiatry and Their Relation to Internal Medicine.” 

The sixth was for the purpose of dedicating the new hospital. The 
attendance at this meeting was the largest of any, there being present up- 
ward of three hundred prominent persons. 
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The seventh, by F. W. Langdon, M. D., of Cincinnati, upon the “Car- 
dio-Vascular and Blood States as Factors in Nervous and Mental Dis- 
eases.” 

A summary of the work done in this department shows: 

1. That the laboratory facilities were in daily use for the examination 
of various tissues, specimens of blood, urine, sputum, etc. 
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That two-hundred and seventy-four autopsies were held and the find- 
ings demonstrated and recorded. 
(Under the hospital rule no autopsies are held, except in 
coroner’s cases, without the permission of the relatives.) 
3. That many sections of tissues and organs were preserved for chemical, 
bacteriological and microscopical examination. 
4. That one hundred and thirty-six gross specimens were placed in the 
museum. 
5. That twenty papers covering important cases were written. 
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That over four hundred staff meetings were held, at which over five 
hundred cases were presented for clinical examination. 
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That two hundred and four lectures were given by the colleges to their 
classes. 
8. That one hundred lectures upon neuropathology were delivered to 
these classes by the pathologist. 
9. That thirteen hundred and forty-one cases were taken before the col- 
lege classes for clinical demonstration. 

This record alone, if there were no other advantages to be derived, 
would fully justify the maintenance of this department. 

But there are other reasons for its continuance: 

First. Because it stimulates the individual members of the staff to 
greater professional effort. 

Second. It creates a demand for accurate case and clinical histories. 
This requires more attention to the individual patient. 

Third. It incites to study and systematic investigation by having at 
hand the requisite appliances, books, models, charts, ete. 

Fourth. It enables the institution to offer something to the ambi- 
tious student seeking an opportunity for medical advancement. 

Fifth. It provides instruction to the physicians and the students in 
the State; prepares them to render early skilled attention to the men- 
tally afflicted in their community. ‘This directly benefits the citizen. 
Sixth. It increases the ability of the outside physician to deliver an 
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intelligent judgment in insanity inquests and dictate a description of the 
case of value to the hospital. 

Seventh. It economizes for the counties and State ultimately by de- 
creasing the number of persons annually committed to this or institutions 
of like character. 

Wighth. It actuates some students to undertake a special study of 
mental and nervous diseases. With additional opportunities given these, 
for clinical observation and for practical work in the laboratory, will 
eventually develop material from which to select physicians for positions 
in the hospital. 

Ninth. It establishes a valuable medium to create harmonious rela- 
tions between the outside members of the profession and the institution. 

Tenth. It affords the hospital staff the benefits of consultations with 
specialists in all lines of practice. 

Eleventh. It collects pathological data for the records and specimens 
for the museum which will be of incalculable value for future reference 
and study. 

Twelfth. It assists in educating the public to the needs of the hos- 
pital and arouses an interest in its behalf. 

Thirteenth. It furnishes the medical colleges with clinical advan- 
tages unobtainable without the aid of an institution of this character. 

Fourteenth. It extends its influence in time to the individual of 
every community; it teaches that ‘prevention is better than cure,” and 
that, if the people really desire to impede the ‘onward march to the hos- 
pitals for the insane” in future generations, they must begin at once to 
heed the advice given, assist in locating and studying the causes, and by 
precept and example lend every influence toward their removal. 

From the foregoing it is apparent that the main object of our work in 
this direction is to provide the best medical service possible for the men- 
tally afflicted individual, within or without the hospital. 

The State should establish at every institution a department fully 
equipped for scientific work. I say at every institution, because with me 
the basic principle of this movement is the creation of centers around 
which the members of the local profession may gather and study mental 
and nervous diseases, their causes and treatment. 

Again, I believe in encouraging individuality, and know that a State 
can well afford, in view of the great benefits derived, to have a number 


of investigators pursuing original and independent work in this cause: 


47 


and last, but not least, I contend that each and every institution, with its 
medical staff, is entitled to equal advantages and equal opportunities. 

In conclusion [ extend to each and every member of the Academy 
a cordial invitation to visit this department and inspect the equipment 


and the methods pursued. 
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Awn AppiTIon To THE Birps or INDIANA. 


By Amos W. BUTLER. 


Harris Sparrow. 

Zonotrichia querula (Nutt). 

A specimen of this western species was taken May 4, 1907, near 
Sheridan, Hamilton County, Indiana, by Ernest P. Walker. It is an adult 
male in good plumage and was found along a hedgerow in company with 
White-crowned Sparrows. The time of capture was about noon. The day 
was rather cool and the birds were hopping about near the ground. It 
was not at all wary and was shot at close range. No others of this species 
were observed. 

Mr. Walker has kindly presented the specimen to the Academy and it 
has been deposited in my collection as a verification of this record. 

Harris Sparrow is a bird of the middle United States. It ranges 
from Illinois over the central plains and casually to Oregon. It is re- 
ported as a rare winter visitor in Illinois and Wisconsin. (Ridgway, II1., 
Orn., I, pp. 266-7). One was taken near Riverdale, Ill., October 6, 1894, 
by J. O. Dunn (Butler, Birds of Indiana, 1897, p. 1178). 
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BroGRAPHY AND THE INFLUENCE oF ENVIRONMENT. 


By Ropert HESSLER. 


Biography concerns itself with ‘the history of the life of a particular 
person.’ This is the primary definition given in the Century Dictionary, 
a second being ‘biographical writing in general, or as a department of 
literature.’ Again as a third definition, ‘In natural history, the life-history 
of an animal or a plant.’ 

Biology, on the other hand, concerns itself with the science of life 
and living things; with a knowledge of vital phenomena; in a technical 
sense, the life-history of an animal. 

Environment is another name for surroundings, and environmental 
influences may be regarded as the influence of surroundings. 

In speaking of the evils entailed by the lack of knowledge of sur- 
roundings, Ward in his Dynamic Sociology says: ‘Indeed, the greater part 
of all suffering is the result, direct or remote, of such ignorance. Obviously, 
therefore, the first great duty of man is to acquaint himself with his en- 
vironment. This can only be done by study. The phenomena that lie on 
the surface are of little value. They mislead at every turn. Not only must 
the deep-lying facts, difficult of access, be sought out with great labor and 
perseverance, but they must be co-ordinated into laws capable of affording 
safe and reliable guides to human operations. To do this requires a vast 
amount of patient study. Only a little has yet been revealed of the more 
important truths of nature, yet consider the amount of research which it 
has required! Nevertheless, only a few individuals have contributed any 
thing at all to the result. It is as yet only the simpler and more obvious 
relations between man and nature that have been determined. In the 
domain of physical forces and chemical substances he is able to exercise 
prevision in many ways to secure advantages and avert evils, but in most 
of the higher fields of vital, mental, moral, and social phenomena, these 
relations are either utterly ignored or but dimly suspected, so that his 
knowledge of them avails him nothing. The great work before him, there- 
fore, still is study.” (Ward, Dynamic Sociology, Vol. II. p. 11.) 


Or 
1) 


Ward further says: “But what constitutes the environment of the 
civilized man? ‘The character of the environment of animals and of savage 
man is easy to perceive. It is the earth, the air, the rocks and waters, 
the trees, grass, birds and animals, the last to include, in the case of the 
savage, the men of his own tribe and of other tribes, and also civilized 
races, in case any such ever come in contact with him. It is by learning 
to know these things that he is enabled to protect and defend himself. 

“But, looking to races somewhat more advanced than the crude savage, 
we find, as frequently shown before, that their advancement has been due 
to action on their part in taking advantage of certain deeper laws of 
nature, in making use of materials that savages fail to make use of, in 
interpreting phenomena that savages do not correctly interpret, and, 
through these means, in devising plans and inventing appliances for mul- 
tiplying the products of nature and increasing the supply of physical, 
social, and intellectual wants. And, when we have reached the highest 
forms of social existence, we find that the only effective means by which 
desire is gratified, progress achieved, and happiness attained, consist in 
still deeper knowledge of the natural surroundings, in a still wider grasp 
of laws and principles, in the correct interpretation of still more obscure 
phenomena, and in the discovery and invention of still better means and 
methods of securing remote ends. To know one’s environment is to possess 
the most real, the most practical, the most useful of all kinds of knowledge, 
and, properly viewed, this class of information constitutes the only true 
knowledge.” (Ward, Dynamic Sociology, Vol. II, p. 495.) 

In discussing the expression ‘knowledge of the environment,’ Ward 
comes to the conclusion that it is co-extensive and synonymous with the 
word science. He says: “Knowledge of man’s environment is nothing 
more nor less than scientific knowledge; and, conversely, all scientific 
knowledge consists in knowledge of the environment * * *” (Vol. II, p. 
497). Farther on he says: “The only useful knowledge is that which 
furnishes relations. Isolated facts, until employed for this purpose, are 
not really employed at all. An object known only in itself can scarcely 
be said to be known. * * * Science is dynamic. Whatever it touches is 
transformed. The only object in knowing is by means of it to do some- 
ones EY CWO IO, joe ZS) 

He refers to the attenuation of knowledge and of getting away from 
things, and how especially in the Middle Ages men were inclined to neglect 
facts, and how science brings us back to facts and to nature. We can 
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readily see how students of environment and environmental influences are 
not likely to be misled by the present fad of psychotherapy. Ward also 
refers to much of our literature as being simply a jugglery of words, 
pleasing to the ears, but of little value in keeping man acquainted with his 
environment. 

Perhaps few of us realize fully the importance of environmental in- 
fluences, of how our life and our very thoughts and actions are dependent 
thereon. No doubt many of us have at times wondered what our own life 
and the life of others would be under different surroundings. 

The field is a large one, and by way of delimitation I may say that 
my original observations and studies are confined largely to one phase of 
the subject, that of air conditions. The problem is this: To what extent 
do the effects of air conditions crop out in biography? 'To answer this 
requires, first a study of men who are today living under good and bad 
air conditions; it means to contrast lives of men, those who live under 
good air conditions with those living under bad air conditions; it requires, 
moyeover, observation of individuals who alternately live under good and 
bad air conditions. Secondly, it requires the ‘fossil remains,’ so to speak, 
which can be studied, just as the paleontologist studies fossil remains which 
enable him to reconstruct and explain past animal life—the material in 
the present instance being biographical remains, books that are often 
known under the name of Life and Letters, as those of Huxley and of 
Darwin. 

We all like to read about great men and emulate them; their lives are 
held up as examples to follow, yet the number of great men living at any 
one time is small, and where one becomes great, there will be thousands 
and thousands who are mediocre. A biographer scarcely deems it worth 
while to pick out the life of one of this latter class. 

It may be entertaining to the average man to read the biography of 
a literary man, of a poet, or of a musician, but he may get comparatively 
little instruction from it. On the other hand, he may read the life of a 
common fellow citizen and get many ideas that will be of value to him in 
the conduct of his own life. This is a fact that seems to be little realized 
by biographers, but it has been appreciated by certain novelists who write 
about the common people, and such books are therefore very popular. 
Formerly novelists were concerned chiefiy with the life of the ‘upper 
classes,’ but since they have begun to write of the ‘common man,’ to depict 
his life, we now know that such ‘lives’ can be made of general interest. 
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Likewise, in former days, the physician was concerned chiefly with the 
well-to-do; the diseases and affections of slaves and agricultural laborers 
and artisans were given little attention. Today distinctions are of course 
still made between the literate and the illiterate, but there is a very large 
class between these extremes—the common people, and writers have this 
class of readers in mind rather than the small cultured class. 

Some one has said that under each grave lies a world’s history, and 
in this light the life of the most common-place man would likely reveal 
many incidents that are worth recording, both on account of their general 
interest and the lesson they may teach. 


In the course of years I have accumulated many notes and ‘case 
reports,’ that is, histories of individuals in chronic illhealth. Some of these 
histories cover the individual’s whole life, from beginning to end, and if 
published would be biography, but since they relate to illhealth and give 
a minimum of facts in regard to other affairs of life, such a biography 
would be of interest primarily to physicians, to biologists, and individuals 
in chronic illhealth who might profit by the experiences of others. A wise 
man has been defined as one who profits by the experiences of others; a 
fool as one who scarcely learns from his own. 

My paper is to be considered as a continuation of papers given in 
former years before this Academy, but to fully understand the subject, 
this series of papers should be considered in connection with another 
series given before the State Medical Society. 

I have prepared a number of case histories, more or less briefly, in 
the form of long charts which I shall show with a few remarks on each. 
(Charts on rolls and diagrams were shown, the following notes being ab- 
stracts. ) 


BIOGRAPHY A. The environmental influences crop out very strongly 
in the family history, as shown in the genealogical table. The ancestry 
goes back into early colonial days, and until now the members have always 
lived under rural conditions. The great-grandfather’s generation was a 
long-lived one, likewise the grandfather’s and the father’s and his 
own also, that is, his brothers and sisters; ten to twelve usually 
constituted a family. The individual himself until recently had always 
lived on a farm and led an active life. He had good health, but when he 
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came to the city his health began to fail, ascribable to ‘change of air.’ To 
stand on a street corner in a ‘spitter’s town,’ with clouds of dust blowing 
about, is a rather risky occupation. His children show an entirely different 
history from that of the ancestry, a long life history being displaced by 
a short one. The children die of the ‘diseases of civilization,’ and that 
means chiefly a bad sanitary environment. The offspring, instead of living 
to the age of sixty, seventy, or eighty years, die prematurely, eight out of 
twelve dying in childhood. 

Judging by or from the ancestral history, one can predict what the 
final termination in this case will be. One can predict—as well as that 
can be done in complex. biological ‘predictions. Recently the man had a 
cerebral apoplexy which disabled him for a time, but he gradually re- 
covered; a continued high blood pressure means that before long there 
will be another apoplexy, in fact there may be several, until one is suffi- 
ciently severe to carry him off. 

-Some of my case histories cover a period of only a few years, but 
where much attention has been given, the thoroughness of study may 
offset the length of time. One can readily see that if an observer were 
to devote his attention, say for only a year, to the study of the life of an 
individual in chronic illhealth, much might be learned, more than where 
one attempts to cover an individual’s whole life in a superficial manner, 
and we can readily understand how a physician with many patients to 
look after can so scatter his attention with so little time for each that he 
simply cannot do his patients, or the subject, justice. 

People in health scarcely know what ilihealth means to one who has 
‘chronic illhealth,’ where the subject necessarily is more or less constantly 
in mind, and that certain symptoms—symptoms of illhealth, indicative of 
a reaction to a certain cause or to an abnormal environment—are present 
all the time, every hour of the day, and from one day to another. 

The individual in chronic illhealth naturally seeks relief; he applies 
to the physicians, and if the physicians do not understand the case and if 
no good results follow their treatment, the individual naturally applies 
elsewhere. Some chronics are constantly drifting from one physician to 
another and from one form of treatment to another, even the most out- 
landish. In the last month one of these ‘chronics’ came to me. On criti- 
cally studying the case, I found that she reacted to her environment, that 
is, in this case, to dust influences. The patient was intelligent; she 
promptly acted ou my suggestions and many symptoms gradually vanished ; 
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others were greatly modified, both in severity and number. One day, after 
the patient had been with me for some time, she told me that I was the 
eighteenth physician she had consulted. This individual could write a book 
on her experiences among doctors, and it might make painful yet beneficial 
reading to many who prescribe purely on a statement of symptoms. 

BIOGRAPHY B. Next in order would come a history, a biography, 
in the making, of a bright boy of fourteen years, but for certain reasons 
it was thought best not to put this case in the form of a chart. This boy 
reacts to his environment, but the chronic illhealth under certain conditions 
promptly subsides under other conditions. At the International Congress 
on Tuberculosis, at Washington, two months ago, Dr. Koch made a state- 
ment which I have repeatedly verified. He said it was very important to 
teach school children the important facts connected with tuberculosis, 
that they will learn readily and remember, whereas the old learn with 
difficulty and forget readily. I have frequently met elderly people whom 
I attempted to instruct, but after a time I would ask myself, What is the 
use? One is apt, on the other hand, to take unusual pains in instructing 
the young and intelligent, who are both willing and capable, and it will 
be interesting to read the biography of an individual who keeps a daily 
record of what he does and where he is, and of the conditions relating to 
health and illhealth. 

The question at times arises: Should an individual in chronic ill- 
health be asked to keep a daily record of events and of symptoms? I 
have had persons tell me they had so many symptoms that it would be 
impossible to keep track of them—yet in a short time there would be only 
a few to record, if they heeded rational advice. When the sick begin to 
realize that there is a relationship between symptom and cause, they no 
longer lie awake at night ‘wondering what it all means.’ 

One can readily understand why the individual brought up in the 
country under good air conditions should suffer on removing to the crowded 
city, and why the individual who is chronically ill in the crowded city 
may quickly regain health on going to the country, or by merely exchanging 
a dirty city for a clean one. We can also see how a study of biography in 
the light of air influences, of coniotics, so to speak, may be*both interesting 
and profitable. 

BIOGRAPHY C. The influence of environment crops out in several 
ways in this case, a man of 57. His father and mother were Irish; he 
was picked up as a waif in New York City when a small child, and, with 
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a number of others, was sent West; he reached Indianapolis and was 
adopted by a German Protestant. To see the man now and to speak 
with him, one would never suspect that he is Irish, for he seems to be a 
thorough-going German, with all the German characteristics. As one might 
expect, he adopted the religion of his foster parents. Some one has said 
that our very thoughts and actions are determined by our environment, 
and this man is an exemplification of it. In a general way, it may be said 
that the Irish in their own country live mainly under a rural environment ; 
when they come to our crowded cities many fail. This man seems to have 
gotten along fairly well in his earlier days, but there has gradually de- 
‘veloped a greater and greater susceptibility to city environmental influences. 

When this man first came to me five years ago, he thought his sand 
of life had run down, and on superficial examination I was inclined to 
agree with him, but when I studied his environment and past history, I 
came to a different conclusion. I saw no reason why he should, not con- 
tinue to live for a number of years. In explaining the condition to him, 
I referred to Huxley and how he reacted to his environment and yet lived 
to the age of 75, and might perhaps have lived still longer had he known 
more about the influence of environment. I mentioned the English saying, 
that in order to live long one should acquire an incurable disease, ex- 
plaining what is meant by ‘disease’—that it is really no disease at all, 


simply a reaction to environmental influences: that the pains and aches, - 


the warnings of nature, could be prevented by avoiding the cause, and that 
means to observe and to seek to avoid them. In proportion as causes 
are avoided, one may live on and on. It took some time to fully explain 
matters to him and to induce him to give up his occupation, an indoor one 
with dusty air. There was a constant tendency to high blood pressure, 
and I explained the danger of ‘bursting the boiler, but he continued until 
he ‘burst a pipe,’ that is, there was a break of a small blood-vessel in the 
brain, resulting in slight apoplexy. The break occurred in the speech 
center and temporarily rendered him speechless; fortunately the effects 
passed off in a day or two. This was a warning which he heeded; shortly 
after he abandoned his occupation and lived out of doors. But he could 
not live indefinitely without work, and in a ‘spitter’s town’ the number of 
occupations attended by good air conditions are limited. He finally ob- 
tained employment in a hospital, as attendant. Here the air conditions 
are good and now he is getting along very well 


as I had predicted. 
One can of course see that when an individual has spent years and 
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years under an unfavorable environment, structural changes may have 
been produced—we need only think of inflammatory processes followed by 
the formation of scar tissue—and that the outlook for a long life is not 
as favorable as in the case of a young person who gets out in time and 
before many organic changes have occurred or much sear tissue formed. 
In this case, it is not so much a matter of living a long life as it is of the 
subsidence of chronic illhealth and the ability to do a ‘fair day’s work,’ 
to make a living instead of being dependent on charity. 

It will be noticed that this biography is in several sections: 

1. An outline of his life, by years, in the form of a chart. 

2. A detailed statement up te the time he came to me, in loose sheets. 

3. A statement of his observations since he has been with me. It 
will be observed that all are autobiographic—that is, written by the in- 
dividual; they were given me in the belief that his experience might be 
of benefit to others.* 

4. My own observations briefly summarized and charted, with sphyg- 
mograms here and there showing circulatory conditions. In the light of 
other cases, one can predict that this individual will, in all probability, 
ultimately die from heart and renal trouble. In a general way, one can 
divide men into two groups, high pressure and low pressure; each group 
has certain symptoms. 

BIOGRAPHY D. It is only occasionally that one is able to get a 
complete life-history, that is, from beginning to end. I shall show one 
of this kind. The long sheet gives an outline of incidents, arranged by 
years (of factors which the individual, more or less conversant with the 
subject of dust infection, considered of sufficient importance to be noted). 
The details that I asked for concerning certain factors, incidences and oc- 
currences, are given in these notes (shown). This individual was with 
me for only a short time, barely long enough to study her history and 
condition. She died some time later after having been under observation 
of two non-resident physicians. The influence of environment crops out 
all through this history, or strictly speaking, biography. The influence 
of life in the large city or in the country can be clearly traced. One 
environmental influence may be especially mentioned: This individual 
went to Korea as a medical missionary and there contracted a tropical 
disease from which she ultimately perished. One can readily see that had 


1The number of individuals who will allow the history of their lives to be used, as here presented, is 
rather Jimited—it takes the “‘ missionary spirit’’ to do that. 


59 


she not gone into the environment under which foreign diseases flourish, 
she would not have contracted such a disease. Missionaries are a self- 
sacrificing class of individuals; popularly it is often believed that they 
break down on account of overwork, but one can look at it from the stand- 


point of a change of environment—and this may lead us to critically study 
a case of overwork in our midst; perhaps after all it is simply the influence 
of environment. It may not be so much a question of the amount of work 
done as where the work is done. One may seriously question whether our 
school children break down from ‘overwork’—perhaps the defenses of the 
body in fighting off infection, bad air, are overworked. 

To study the life-history of any one case is a task of magnitude. There 
are many details, and the more factors one considers, the greater the 
number of details that have to be studied. An individual in chronic ill- 
health may complain constantly; all his symptoms and all his complaints 
have a cause; they must have a cause. To what extent can or does the 
student physician take up such details? 

There are few physicians who have many patients whose lives they 
can study from beginning to end—and to study a long life is wholly be- 
yond a single man’s opportunity, because the physician, the student, is 
already well advanced in years before he has the requisite knowledge to 
make such a study. He must begin with the individual at birth, and if 
the latter has a long span of life, the physician will be dead long before 
his patient. To properly study the subject requires co-operation of many 
men. 

Biography is valuable chiefly in that it teaches us how to conduct our 
own life, that is, we can profit by the experience of others. Moralists 
like Samuel Smiles will take a biography and from it teach certain lessons 
(Prudence; Self-help; Industry; Forethought; Self-reliance; etc.), but 
the idea that the illhealth or sickness of a man may teach us how to avoid 
similar experiences has scarcely been considered and to the best of my 
knowledge not at all in the light of good and bad air conditions. 

Many biographies contain so few references to health and illhealth 
and disease that one might come to the conclusion that these were things 
not worth mentioning; very few are satisfactory to the student. Personally 
I have never met one that gave all the details I wanted. 

The individual who is influenced by his environment manifests certain 
symptoms. Some of these symptoms can be grouped, and one can speak 
of types. Some part of the body or some organ may show the reaction in 


60 


a marked manner, and in this way deterinine the type. Thus, one can 
speak of a respiratory type of dust infection, of a gastric type, of a nervous 
type, etc. In some there is no localization; the body as a whole reacts. 
There may be a large number of symptoms and yet there is nothing definite 
that would enable one to speak of disease. It would appear that the body 
is really ‘healthy’ but is simply reacting to the abnormal environment, 
and the moment the environment is changed, the symptoms disappear. 

I have made a search through biographies relating to Indiana people 
for a good example of the influences of environment. I found only one 
biography that is sufficiently full to enable one to trace such influences, 
but as I am in search of further data, I shall not take this up at present. 
Instead I will take up the Life and Letters of Huxley. 

Thomas H. Huxley. The life of a man like Huxley or Darwin can 
be written from many different standpoints. If the biographer is a natural- 
ist, he can bring in the development of Natural History that has taken 
place throughout the tong life of such a man and the prominent part he 
took in it. If an evolutionist were to write the life, he would likely treat 
it from the standpoint of the development of the theory of evolution in 
which Huxley took such an aggressive part. The geologist, the paleontolo- 
gist, the ichthyologist, etc., each would find material enough to write a 
work that would be of interest to the specialist. The physician likewise 
finds material enough to write what may be called a medical biography, of 
special interest to physicians, and more especially because Huxley began 
life as a physician and throughout his long life was associated with medi- 
cal schools and with the best medical men of England.- An individual in 
chronic illhealth can learn much by carefully studying Huxley’s Life and 
Letters, on account of the many references to chronic illhealth. Such 
a study may enable him to avoid many of the common symptoms of ill- 
health, or at least to reduce them to a minimum. 

Huxley reacted strongly to his environment, and to understand this 
one must study the lives of people living today who react in a similar 
manner. Analogy enables us to bring together cases of the same type. 
In studying the life of a man no longer living, one is in the position of the 
paleontologist who studies the fossil remains and thereby is enabled to 
more or less accurately reconstruct for us a picture of the thing that once 
was living, as already mentioned. According as a biography contains 
many references to illhealth conditions, one is enabled to more or less fully 
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understand the nature of the illhealth—which may not have been thor- 
oughly understood during the life of the individual. 

Huxley was a voluminous writer along many lines, chiefly, as most 
of you know, on biological subjects. Beginning with papers on certain 
groups of animals, he gradually branched out to include man, not only 
from a biological and anthropological standpoint, but also from that of 
biography; to understand his many-sided mind, one has to read his various 
volumes. 

To the student of dust influences there is likewise much of interest, 
not so much in his technical writings as in his biography. Although 
Huxley realized the general influence of environment, he seemed not to 
have realized the influence of dust conditions, of coniotics. One can readily 
see how such a gifted man might have avoided much illhealth, and perhaps 
have lived many years longer, by having such a knowledge. 

Huxley was eminently sane in his views regarding man’s position in 
the universe; unfortunately for medical science, he did not follow medicine 
closely. He distributed his mind among many fields of inquiry, some of 
which have only remote relationship to medicine. 

At the time when he was actively engaged in the practice of medicine, 
there was little science compared to what is found today; it was before 
the days of cellular pathology and bacteriology. Conditions were such as 
to create disgust in a scientific mind like that of Huxley, and so it is 
very natural that he should have drifted away from the practice of medi- 
cine and become a teacher of some of the sciences on which medicine rests, 
notably anatomy and physiology. 

Although cellular pathology arose during Huxley’s lifetime, yet he 
never took it up. It is an exemplification of the saying, ‘““You can’t teach 
an old dog new tricks,” and when a man’s eyesight begins to fail on account 
of age, the days for close microscopic study are past. Unless one studies 
pathology and bacteriology in the laboratory, makes his own cultures and 
examines them, one’s knowledge is not apt to be thorough and the diffi- 
culties of working out certain problems are not realized, and, on the other 
hand, the brilliant results obtained by some men cannot be fully appre- 
ciated. It is only the student who works ‘in a practical manner’ who gets 
the best insight, assuming of course that he has the mental capacity also 
to reason on the ‘imaginary or theoretical side,’ to form theories and 
then attempt to verify them. 

Huxley did not understand the influence of air conditions. At one 
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time we hear him exclaim, “I do wish I could sometimes ascertain the 
exact juste milieu of work which will suit, not my head or will, these can’t 
have too much; but my absurd stomach.’ (Life and Letters, Vol. I, p. 
131). Herbert Spencer voices the same sentiment when he says, “I want 
a keeper to be always taking care that I do not overstep the limits on one 
side or the other * * *,.” 

We need not be surprised that Huxley and men of his type did not 
understand the influence of air conditions, when we consider that the 
best medical men, active practitioners of medicine, did not understand 
it. The two most eminent physicians contemporary with Huxley were 
undoubtedly Dr. Andrew Clark and Dr.:Henry Thompson. These men 
were constantly sending their patients away from London. Dr. Clark used 
to say, “What you need is rest, pure air, cheerful companions, simple diet, 
and no end of out-doors.”’ They got results, patients improved, but they 
did not press their inquiry and seek the reason why. One can of course 
readily excuse them for the same reason upon which Huxley must be 
excused—They began work before the days of cellular pathology and 
bacteriology and did not take it up in their old days. Perhaps needless 
to say a knowledge of pathology and etiology is one of the absolute essen- 
tials in studying dust infection. 

Huxley had a rural ancestry and that means that there had not been 
an active weeding out through urban influences. When he first came to 
London as a young man he seems to have gotten along fairly well, but in 
time there was a greater and greater susceptibility to unsanitary urban 
conditions and he reacted to his environment. He lived in the West End 
where air conditions are good, and lectured at Kensington, which, as 
some of you know, is situated half way into the heart of the city. At 
first he could lecture several hours a day without difficulty, but after 
a time he complained that he could only bear one hour and that two hours 
‘does him up.’ Still later he was not able to do even an hour’s work 
under bad air conditions, but when he removed from the city and went 
to the South Shore, he was again able to do an almost unlimited amount 
of work. 

SYMPTOM NAMES. (Chart with all symptom names grouped was 
shown.) In looking over this formidable list of names, a few facts stand 
out. 

1. There is only one name that refers to a definite disease, that is. 
a disease with a specific cause: Influenza. 
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2. Many of the names are very indefinite, or, one might say, they 
are just as definite as the conditions to which they refer, and where a 
thing is indefinite, one naturally cannot expect a definite name. 

8. There was no ‘organic disease’ (until the very end), and some of 
the names and expressions used were later on found to be erroneous. Take, 
for instance, the terms relating to the heart, ‘dilatation,’ and ‘enlargement.’ 
The diagnosis was made at a time when Huxley was feeling bad and he 
was therefore sent to Switzerland. But he began to feel better almost 
as soon as he got into the good mountain air—and then he began to climb 
the mountains. Offhand, one would be inclined to say that that was a 
very foolhardy act, because he might have fallen off the mountain, or 
dropped into a crevice, and no one would have known what had become 
of him; but he felt he could climb, and he did climb higher and higher day 
after day. Then one of the Hnglish physicians made him a visit and natur- 
ally examined him. Huxley says, ‘“H. Thompson treats the notion that I 
ever had a dilated heart with scorn!” and then adds, “Oh these doctors; 
they are worse than theologians.” But when he returned to England his 
old complaint came back. Evidently, however, he had the satisfaction of 
knowing that he did not have organic heart disease. 

With increasing years there was an increasing reaction to an un- 
sanitary environment, he could spend less and less time in the crowded city, 
finally he had to leave altogether. One wonders why Huxley did not 
leave the enervating city life and retire to the good air of the country, 
as did Darwin.* 

What do we mean by health and illhealth and disease? A man may 
complain of illhealth and yet not be diseased. As a matter of fact, we 
constantly meet people who look the picture of health, but on studying 
them we find that they are always suffering, yet on account of their 
‘healthy’ appearance, they get no sympathy when they do complain, and 
so many do not complain—only to the physician who critically studies 
conditions. 

Many of these individuals are simply out of harmony with their en- 
vironment. If we take a native of the torrid zone and put him in the 
frigid zone, we would likely find him complaining constantly of the in- 

1Charles Darwin reacted to his environment, after the manner of Huxley. Some of 
you may recall my paper before this Academy several years ago in which I aimed to bring 
out this point. But Darwin lived in isolation and came little in contact with sick people, 
and his symptoms are even less well defined, although he complains almost constantly 


and loses much time. Getting a lot of old books from the city and reading them while 
reclining on a couch are among the important factors in Darwin’s ill health. 
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fluence of cold, of a condition to which he was not accustomed and perhaps 
wholly unadapted. If, on the other hand, we take an inhabitant of the 
frigid zone and put him in a warm country, we would in all probability 
find another series of complaints. In the temperate zone where there is 
an alteration of heat and cold, one might say six months of tropical life 
and six months of arctic life, many individuals cannot adapt themselves 
to this semi-annual change, and as a consequence they suffer. 

Again, the individual who has been brought up on plain, substantiai 
food in the country, free from all infectious matter, May complain greatly 
if confined to the food obtained in the city, which has passed through 
many hands. The milk which so well agreed with him in the country may 
be a veritable poison to him in the city; even the drinking-water may 
disagree. 

We see this again illustrated in the matter of air conditions. The 
man who has always lived under good air conditions, and whose ancestors 
have lived under such conditions, may complain greatly on removal to a 
dirty city where the air is loaded with dust derived from different sources, 
partly from the bodies of those who are diseased. Such an individual may 
have a sound body and may have sound health under his proper environ- 
ment, but he may complain in the city simply because his body reacts to 
the abnormal environment. Thus, if he inhales much dust, there may be 
cough—nature’s way of getting rid of offending material. The dust may 
set up a profuse flow of mucus, resulting in so-called catarrh—and yet 
this may be simply a natural reaction of the body in protecting the res- 
piratory organs and in getting rid of the inhaled dust particles, which are 
brought up with the mucus in the process of coughing and hawking. Vari- 
ous pains may come on, yet they are to be looked upon as warnings from 
nature—to change the environment. When an individual does change and 
finds all these symptoms of illhealth (not of real disease) disappear, 
that ought to clearly indicate to him the conditions under which he should 
live. If he persists in living under the abnormal environment, we know 
what will happen: nature is constantly weeding out the unadapted—a 
process that has been going on for countless ages, and still continues. The 
doctrine of the Survival of the Fittest is a terrible reality from the stand- 
point of the biologist and physician. 

One may come into a new environment and discover that there is 
a non-adaptation. The thoughtful man will see two courses open; first, 
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to modify his environment and make it fit to live in; second, to abandon 
the environment and go into a better one. 

To what extent shall one make efforts to modify his environment, 
to improve it? How early or how late shall one abandon efforts? These 
are questions of varying importance in the life of all. There are many 
factors to be considered. With some it is an easy matter to ‘pull up stakes,’ 
as the race did in its pastoral stage. The very evolution of the race, from 
a wandering life to one anchored, so to speak, to a city environment makes 
it difficult for the average individual to leave the crowded city and go 
back to the more primitive country life. We need only read the pathetic 
letters of Mrs. Carlyle with her chronic illhealth in smoky London, but 
with good health in her old country home in Scotland. She evidently 
realized relationships and made many trips to and fro, but after being 
accustomed to London life and meeting congenial people, it was next to 
impossible to go back to the monotonous life in the country. We thus see 
that physically she needed one sort of environment, that of the pure air 
of the country; mentally she required the contact of kindred minds, to 
be found in the large city. 

What we get out of a book depends largely on the interest with which 
we take it up and on our previous knowledge. We get out of it what we 
put in. A book in Greek or in Science will be understood by comparatively 
few, in contrast to the many who read and understand a popular novel; 
even ‘problem novels’ are not always understood. By observing a man 
turned loose in a large library one can arrive at certain conclusions. 

A biography may be so simple that most any reader can understand 
it. The biography or life of a military man is full of descriptions of battles, 
best understood by old soldiers; the life of the musician is apt to be full 
of technical musical matters and best understood by musicians; the 
scientist best understands the biographies of men of science. The indi- 
vidual in chronic illhealth will likely be the most appreciative reader of 
the biography of a man who had chronic illhealth—and the physician who 
studies the subject from a biological standpoint will likely be the one 
who not only appreciates, but understands such a life and the influence 
of environment. 

If I can induce some of you to read biography in the light of environ- 
mental influences, especially of such a man as Huxley, then I shall have 
accomplished all I had in mind in beginning this paper. 


Sa, a i] 


Fevkner Isuranp, Waser Laks, Kosciusko County, Lyp. 


By J. PR. DOLan. 


Wabee Lake is in Kosciusko County, Ind., about one mile southeast 
of the town of Milford. A good description of its physical features is 
given by Prof. Blatchley (State Geological Report for 1900, pages 186-7). 
Quoting therefrom—‘“A small and very pretty island occurs in the south- 
east of the lake.’ When Profs. Ashley and Blatchley visited the lake, 
there was so little of the island above the water line that a title was 
deemed needless. However, the protracted drought of the past season has 
shrunken the lake away from the island, showing it to be of sufficient 
dignity to bear a title, temporarily at least. 

“Welkner” is the name of its former owner and is associated with 
the best history and development of Milford and its environment. 

The island at the highest point is six feet above the lake level and has 
a dry area of about one acre. It is destitute of vegetation save for a few 
tufts of stunted willows, a scraggy sycamore about five feet high, a small 
patch of Canada thistle numbering about twenty individuals, and five 
or six strong stalks of evening primrose besides a few species of grasses. 

Its general appearance is that of a coarse, undisturbed gravel bed. 
There is no field of shallow water upon it. Its sides slope abruptly into 
water twenty-five to forty-five feet deep. One can stand at the water’s 
edge and with an ordinary cane pole fish in deep water. This body of 
deep water extends almost to the shore on the north and west, while on 
the south and east it is found to be a few feet shallower. Taking a radius 
of five hundred feet and the island is surrounded by water forty feet 
deep. Thus Felkner Island is removed from shore influences. 

In 1906 the Sandusky Portland Cement Company which is operating 
a cement mill at Syracuse, a town six and a half miles east, became the 
owners of the island. To satisfy themselves of the extent, character, and 
distribution of the marl and clay said to be found there, a careful survey 
was made of the lake, the island, and the adjoining marshes. The lake 
was ecross-sectioned at intervals of 100 feet. At these several points 
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thorough tests were made measuring the depth of water, marl, muck, clay 
or other minerals that might appear. In making these tests a drill 
capable of being extended to forty feet was employed. 

The general distribution of the marl and other minerals around the 
shore of the lake and the territory adjoining is reported in the Volume of 
Geol. Reports for 1900, fully and accurately. 

The island, as far as could be determined, is a unit of granular marl. 
The 40-ft. drill failed to reach the bottom of the deposit at several places. 
The marl is accounted for by the presence of several strong springs at the 
west end of the island. One of them, about four inches in diameter, issu- 
ing at a point where the water was six inches deep, would push its way 
up intermittently so that one could see the disturbance at the surface 
standing a hundred feet away. These springs, doubtless have their origin 
in the clay and gravel hills near Dewart Lake three miles to the east 
and bring their burden of calcium carbonate from that rich field. This 
theory is borne out by the presence of a flowing well at the east end of 
the lake at an elevation thirty feet above the level of Wabee. It flows 
strongly through a two-inch pipe and reliable men of the town who tested 
its force say that it rose twelve feet above the present point of escape 
through a pipe of smaller diameter. It is known that Dewart Lake has 
an elevation of fifty-two feet above that of Wabee Lake. 

The Mollusca found in the island deposit, below the upper portion 
thereof, are only a small fraction of the whole. This is all that distin- 
guishes this island from the many other “beautiful” spots dotting the lakes 
of Northern Indiana, but it is a fine type of the island formed by springs. 
The Syracuse & Milford Railway transports the marl to the factory, de- 
livering daily from four hundred to five hundred. cubic yards. The small 
steel cars are loaded on the track by the dredging apparatus, an improved 
clam shell excavator having a 75-foot boom. Felkner Island will be 
loaded on the cars with the present dredging machine, pontoons being 
employed to carry up the train from the island to the shore. 

Involved in this matter of removing the marl from the lake is the 
question of its effect upon the flora and fauna of the lake. This is a 
question which comes within the province of this association. If an 
answer is desired a biological survey of the lake should be made at an 
early date. 
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A STRANGE NuRSE. 
By A. J. BIGNEY. 


On June 1, 1908, there was born on the farm of Will H. Sedam, near 
Moores Hill, Indiana, a litter of kittens, only one of which lived. The 
mother of these kittens died August 1. The surviving kitten began to 
try to nurse the sire. Soon milk began to flow a little and as the nursing 
continued the milk increased in its flow. The sire soon had two well 
developed nipples doing service. The kitten lagged a little in its growth 
for a while, but soon was in good condition and continued to do well. 
This is the first instance of the kind that has come under my observation. 
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THe Sake Dance oF THE QUILENTE [NDIANS, WitH Draw- 
ING BY AN Inp1AN PupIL or THE QuILENTE Day ScHOOL. 


By Apert B. REAGAN. 


In this dance the Indians worship Jesus, calling Him Jesus-Man, con- 
founding him with Kwatte, their god. This religious movement began 
in the early eighties. It is a compromise between the old Indian worship 
and Christianity. The former having been forbidden by the government, 
the Shaker “church” was organized so that the Indians could still have 
their performances under the constitutional rights granted to all religious 
denominations. And in this they have entirely won, for Judge James 
Wickersham, of Tacoma, Wash., fought the Shaker Church case through 
the courts and obtained for the aborigines the right to worship God ac- 
cording to the dictates of their own conscience. 

The movement began on the Big Skookum River, near Shelton, Wash., 
in 1882. An Indian, John Slocum, was very sick and was unconscious for 
several days. Regaining consciousness, coming back to “life” again as the 
Indians say, he said he had been dead and in heaven, but that the keeper 
of that blissful place had told him that he was a bad Indian and that he 
would have to go to hell. But one more chance would be given him. If 
he would go back to earth, lead a good life and teach other Indians to do 
the same, he would in time be admitted into the happy hunting ground. 
He at once began to preach the Shaker doctrine, exhibiting the power 
conferred upon him by those above in a vigorous shaking and quivering 
of all the muscles of his whole body. And all his followers exhibit their 
power the same way to this day. 

They have candles and usually a cross. They begin their services 
with a prayer and close them with a “doxology.” The Shaker dancing 
ceremony which usually lasts for hours is a hypnotic performance. 

The watchword of the organization is: ‘Do good to those who do good 
to you and get ‘even’ with those who mistreat you.’ And the guiding 
prayer “Our God is in heaven. If we die He will take cur life to heaven. 
Help us so that we shall not die. Wherever we are, help us not to die. 
Our Father who is there, always have a good mind to us.” 


13 


In the performance continuous hand bells are rung to the tune of 
the chant “Hi, hi, hi,’ etc. The dancers jump up and down to the time of 
the “music.” The faces of all the actors become hideously distorted. The 
quivering, trembling, twisting, writhing hands, wave, whirl, gyrate in all 
directions till the scene reminds one much of the demons in the “inferno” 
dancing over a lost soul. And the simple-hearted Indians believe that in 
this performance they are worshiping the most high God. 

Below is a copy of the Quilente Shaker organization, creed, etc., taken 
from the “Quilente Independent,” the only paper in Washington pub- 
lished by an Indian (W. H. Hudson) : 


PREAMBLE. 

In order to form a more perfect union and to secure recognition of 

our rights under the Constitution of the United States, to worship God 

according to our conscience, We, the delegates, from the Shaker Sects of 

LaPush, in conference assembled, do hereby organize, ordain and establish 
the Shaker Church. 


OBJECT. 

Our object is to teach the Gospel of Jesus Christ, and to forward 
His Kingdom among the Indian race; to fight against the evils of intem- 
perance, which we believe to be a detriment to the advancement of our 
race; to the pursuits of civilization and Christian living. 


ARTICLES OF FAITH. 


1. We believe in God the Father, Jesus Christ the Son, and the Holy 
Spirit, the Three in One. 

2. We believe that the Shaker movement was a dispensation of Al- 
mighty God to His Indian Children, to the end that they may see with 
Spiritual eyes, their evil ways, and to point our way to salvation through 
Jesus Christ the Son. 

3. We believe that Jesus Christ has the power to forgive sins on 
earth. ge a 

4. We believe that God hears our prayers for the sick, and that if 
we pray and believe, He will heal us of our physical ailments. 


COVENANT. 


1. We promise to support the Church in all the ways that we can. 
spiritually and temporily. 


74 


2. We promise to accept the Shaker Religion, and hereby consecrate 
our time, our talents, our all to its maintenance. 

3. We promise to abstain from use of all intoxicating liquors. 

We, the members of this church, in view of the solemn promises you 
have made, do promise to help and sustain you in your efforts to live a 
better life. 

4. We promise to pray for you, that God in His Infinite Goodness, may 
make you and us, worthy to walk in His footsteps, looking torward unto 
the day when we all stand before His Judgment Seat, equals with all 
men, and hear the words, ‘“‘Come ye blessed of my Father, inherit the 
Kingdom prepared for you from the foundation of the world.’ Amen. 


PHOTOGRAPHIC OBSERVATIONS OF MoREHOUSE’S COMET. 
By W. A. CoGSHALL. 


Comet ec 1908 was found on a plate taken at the Yerkes Observatory 
on September ist and has been so situated as to allow observation from 
any point in the northern hemisphere for several hours each night. 

Most of the comets, during the time they are visible to us, are in 
nearly the same direction from us as the sun, and so are seen only for a 
short time before sunset in the evening, or before sunrise in the early 
morning. 

Comet c had a high northern declination when found, and afterward 
passed within about 16 degrees of the north pole of the sky, so that during 
this time it was visible all night. As a result continuous records were 
secured through several hours, from the time it became dark in Europe 
till daylight in California. 

These records show beyond doubt what has been indicated by several 
other comets—that the tail is composed of matter driven off by the action of 
the sun from the head of the comet, and that the velocity of motion of these 
particles in the tail is such that practically a new tail is formed each day. 

While this comet was not very bright visually, it photographed very 
quickly, exposures of an hour with a short focus lens showing from 6 
degrees to 10 degrees extension of tail, and it also showed unusual and 
sudden changes in the details of its tail. 

The most prominent of these are shown in the accompanying photo- 
graphs. 

The first of these happened on September 30th. The photograph of 
September 29th shows nothing unusual in the appearance of the comet, 
but the next plate whose mid-exposure time was September 30th, 11 hours, 
shows a great change in the size, direction, and general character of 
the tail. This change began during the afternoon of September 30th, and 
by early morning following had produced the appearance shown in the 
plate of September 30th, 14 hours, 45 minutes. 

The great cloud-like mass of tail moved away from the head of the 
comet at a rate of about 20 miles per second, and on the next evening 
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(See plate October 1st, 11 hours, 00 minutes) was at a considerable distance 
from the head, and connected with it by very faint and straight streamers. 

On plate October 2d, 10 hours, 30 minutes, it is visible still farther 
away, and much fainter, and the new tail near the head of the comet, is 
beginning to assume its usual form. 

The next great disturbance took place on October 15th. The night be- 
fore, the comet was quite normal in appearance, as shown in plate October 
14th, 10 hours, but on October 15th, 8 hours, a great puff or explosive action 
is shown. 

On the next plate of the same night this is shown at a greater dis- 
tance from the head, and of a little different form, measurement of the 
plates giving velocities as high as 70 miles per second. 

The plate of November 15th, 6 hours, 15 minutes, shows the comet dur- 
ing the latter part of its time of visibility, and when it could be seen for 
only an hour or two before setting, and shows a great variety of detail in 
the streamers and condensation in the tail, all of which were invisible in 
any telescope, and were known only through photography. 

About seventy-five plates of the comet were secured in all, and gave 
a fairly complete history of it from September 21st to December ist. 
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FirLtp OBSERVATIONS ON Rusts FoR THE GENERAL BoTANIST. 


By J. C. ARTHUR. 


(Abstract). 

The polymorphic character of many species of rusts, together with 
the discontinuous growth between the forms of most of such species, and 
the further fact that some species live upon unlike hosts at different stages 
of their life cycle, make the study of the rusts unusually attractive for 
those who enjoy a varied problem. A very important part of the field 
observation consists in later visits to the spot where a rust has been found 
in order to ascertain if it is followed by another form of the same species 
either on the same host or on a host of some other kind. In either case, 
but especially the latter, a suitable specimen of the rust may be taken to 
a locality where it does not occur and placed beside a healthy plant of 
the kind observed. It is then watched to see if the rust infects the healthy 
plant. If it does, the correctness of the inference from the first observation, 
that the two forms of rust found to succeed each other in the same locality 
belonged to the same species, is established. But if the healthy plant does 
not become infected, either the two forms found in the original locality 
belong to distinct species and only incidentally happen to follow one 
another, or else the sowing of the rust in the new locality was not well 
done. In either case further trials and observations are required. There 
are many variations to the inferential and deductive reasoning required 
to solve these problems, and to come to a conclusion repeated observations 
may be required extending over many months or even years. 
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Tue Rust or TimorHy. 


By FRANK D. KERN. 


(Abstract). 

This paper discusses the importance of timothy rust, showing that it 
is seemingly increasing in distribution. The results of an investigation 
concerning its identity and nature are given, followed by a brief state- 
ment of what may be expected from it in the future. 


[7—21363 ] 
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On THE Hetrroecious Prant Rusts or INDIANA. 
By AARon G. JOHNSON. 


In the study of any organism, a knowledge of its life history is one 
of the things of first interest. Particularly is this true in the study of the 
heteroecious plant rusts, exhibiting, as they do, alternating phases on 
entirely different host plants. The complexity, which these plant parasites 
present, adds varied interest to their study, although the same complexity 
offers abundant obstacles in determining the connection of the various 
forms. 

It is the purpose of this paper briefly to show what has been done 
in the way of connecting forms represented in the State, and what re- 
mains to be done in this particular line. In presenting the unattached 
forms, particularly the unattached aecia, it is hoped to help engage the 
interest of others in assisting in any way possible in properly connecting 
up these forms. The three lists given below show respectively the con- 
nected forms, with the authorities and dates of connection for each 
species, the unattached telial forms, and lastly the unattached aecial 
forms. The first two tables are based on Dr. Arthur’s Revised List of 
Indiana Plant Rusts (Proc. Ind. Acad. Sci. for 1903.) For convenience, 
the familiar genus names Uromyces and Puccinia are used, the species 
names, aS far as possible, being revised to date. The third table is based 
on specimens in Dr. Arthur’s herbarium, as are also the aecial forms ap- 
pearing in the first table which have been connected up since the pres- 
entation of Dr. Arthur’s list. For host names Britton’s Manual (2nd. Hd.) 
‘is followed. The sincere gratitude of the writer is here expressed to Prof. 
J. ©. Arthur for access to his very valuable herbarium as well as to his 
extensive library. Most able assistance was also given throughout by 
both Dr. Arthur and Mr. F. D. Kern, for which the writer is very greatly 
obliged. 

The life histories of thirty-four species of heteroecious rusts repre- 
sented in Indiana are now known. The aecial stage, however, of nine 
of this number is not known to occur within the State. In some cases 
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it may have been missed by collectors, as on Larix, for example, and may 
subsequently be found; in others, however, it is doubtful if the aecial stage 
oceurs here. In this case the species doubtless depends entirely upon its 
urediniospores for reinfection of its host from year to year. Such, for 
instance, is no doubt the case with the Poa rust (P. epiphylla) and the 
leaf rust of cereals and certain grasses (P. Rubigo-vera). 

In view of these facts it seems very doubtful that all of the sixteen 
still unattached telial forms in the State have their respective aecia here. 
In the first place, only nine unattached aecia are reported for the State, 
though others may occur. In the second place, and apparently much the 
better reason for the inference, of the thirty-four connected-up species 
previously mentioned, only twenty-five have their aecial forms reported 
for the State, while all of the connected-up aecial forms reported for the 
State have their telial forms here also. This latter being very natural to 
suppose for the teliospores are not readily transported by the wind or 
otherwise, and the sporidia, which give the aecial infection, are very 
perishable and entirely incapable of being blown very great distances and 
still remain viable. Hence there seems little if any question but that 
some unattached telial forms come into the State by uredinial infections, 
and are thus kept up through the season and possibly even from season 
to season in some cases. The aecia belonging to such ‘forms may, there- 
fore, be far distant. 

This condition, then, centers our interest in connecting unattached 
forms, largely on the unattached aecia. For of necessity, their respective 
alternate forms must be somewhere in the immediate vicinity of their 
occurrence, except in the few cases where the aecial mycelium is peren- 
nial, in which cases the forms may become somewhat separated. By care- 
fully searching for and finding unattached telial forms, especially near 
where the unattached aecia occur in abundance, clews may often be ob- 


tained that may ultimately lead to proof of the genetic relationship of 


such forms. 


The tables are as follows: 
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TELIAL FORMS WHOSE AECIAL CONNECTIONS ARE UNKNOWN. 


Coleosporium Ipomoeae (Schw.) Burr. 
Coleosporium Vernoniae B. & C. 
Pucciniastrum Agrimoniae (DC.) Diet. 
Pucciniastrum Hydrangeae (B. & C.) Arth. 


Uromyces graminicola Burr. 
Uromyces Rynchosporae Ellis 
T 7, = 7 < 
Uromyces perigynius Halst. 
Puccinia Ellisiana Thuem. 


Puccinia emaculata Schw. 


Puccinia Muhlenbergiae A. & H. 


Puccinia vexans Farl. 
Puccinia Melicae Syd. 
Puccinia apocrypta E. & T. 
Puccinia Dulichi Syd. 
Puccinia vulpinoidis D. & H. 
Puccinia ludibunda E. & E. 


AECIAL FORMS WHOSE TELIAL CONNECTIONS ARE UNKNOWN. 


Aecidium sp. 

Aecidium sp. 

Aecidium Dicentrae Trel. 
Aecidium sp. 

Aecidium Napaeae Arth. 
Aecidium hydnoideum B. « C. 
Aecidium Polemonii Pk. 


Aecidium Physalidis Pk. 


Aecidium Compositarum Ambrosiae Burr. 


on Ipomoea pandurata. 

on Vernonia spp. 

on Agrimonia spp. 

on Hydrangea arborescens. 
on Panicum virgatum. 

on Rynchospora alba. 

on Carex virescens. 

on Andropogen scoparius. 
on Panicum capillare. 

on Muhlenbergia spp. 


on Atheropogon curtipendulus. 


on Melica diffusa. 

on Hystrix Hystrix. 

on Dulichium arundinaceum. 
on Carex vulpinoidea. 


on Cares sparganioides. 


on Syndesmon thalictroides 
(Rue Anemone). 

on Anemone Virginiana 
(Yall Anemone). 

on Bicuculla cucullaria 
(Dutchman’s Breeches). 

on Euphorbia commutata 
(Tinted Spurge). 

on Napaea dioica 
(Glade Mallow). 

on Direa palustris 
(Leather-wood). 

on Polemonium reptans 
(Greek Valerian). 

on Physalis heterophylla 
(Ground-cherry). 

on Ambrosia trifida 
(Great Ragweed). 
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Some ANOMALIES IN THE HeMaLE GAMETOPHYTE OF PINUS. 


By D. M. Morrirr. 


The object of this note is to call attention to some peculiarities in 
the number and arrangement of archegonia and to certain other anomalies 
similar in character to those reported for the same and other species of 
Pinus. In her excellent and elaborate paper on the life history, etc., of 
Pinus, Miss Ferguson has directed attention to a number (9) of archegonia 
arranged along the top and sides of the endosperm of Pinus montana wun- 
cinata, together with other peculiarities regarding the number, origin and 
position in other species (Proc. Washington Acad. Sci., 6: 1-202, 1904). 

In the work of a class of advanced students studying the gametophyte 
and embryogeny of Pinus, a number of peculiarities mentioned in the fol- 
lowing have been found to be of rather frequent occurrence. In Pinus 
austriaca (a form of P. laricio frequently cultivated), several instances 
were observed in which a group of archegonia occurred at the chalazal 
end of the endosperm in addition to the group normally at the top or 
micropylar end. In addition to this a few cases were found in which a 
third group of archegonia was present at one side. Among those ovules 
in which a group of archegonia was present at either end, one case is 
especially of note in which a total of eleven archegonia was present, 
two near the micropylar and nine at the chalazal end of the gametophyte. 
The two near the micropylar end were hot directly at the top but at oppo- 
site sides of that end. The nine at the chalazal end were arranged in 
groups of three each. One group of three was at the end, the others be- 
ing more deeply seated. The second three were just beyond the first and 
a little to the right, while the third group was beyond the second, though 
somewhat to the left. In the majority of cases here under consideration 
the collections were made before the archegonia were mature, the ventral 
eanal cells not having been formed. Four of the archegonia near the 
chalazal end had fused in pairs, a cytoplasmic union having taken place 
at the contiguous sides. This was made possible by the absorption of 
several sheath, or jacket, cells Separating the archegonia. The three 
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groups were separated from each other by a layer of tissue from one to 
three cells in thickness. The central cells of two of the archegonia of 
the end group had fused at the outer ends only, although the sheath cells 
had entirely disappeared along the contiguous sides, leaving only a deli- 
cate line between the plasma membranes of the slightly shrunken cells. 
No nuclear fusions had taken place. Near each of these several arche- 
gonia one or more sheath cells had begun to bud out apparently to form 
archegonia as figured by Miss Ferguson (1.c., Fig. 265). In several 
preparations showing one or more of the anomalies herein mentioned, the 
enlargement of one or more of the sheath cells was of frequent occurrence. 
These enlarging cells possessed each a large nucleus and a dense cytoplasm, 
showing that they were being well nourished. In one ovule presenting 
a group of archegonia at each end of the endosperm, two large cells very 
poor in cytoplasm and about one-third the size of the normal archegonia 
lay between a normal archegonium and the end of the gametophyte at the 
chalazal extremity. From all appearances they had developed from 
sheath cells. They were not surrounded by jacket cells, hence their sparse 
cytoplasm. 

Of this class of anomaly, namely, the presence of archegonia at oppo- 
site ends of the gametophyte, a few cases were observed in which there 
were three separate groups, one at each end and one at one side nearly 
midway between the extremities. In another instance the nucleus of the 
central cells had divided, the two daughter nuclei, which were well formed, 
lying in contact side by side. In this ovule all archegonia were immature; 
the ventral cana] celis were not formed, and there was no fusion of the 
central cells. The two nuclei must, therefore, have been formed by the 
division of the nucleus of the central cell. 

A second class of anomaly was observed in a single instance. It was 
the presence of a pollen tube containing supernumerary nuclei. This tube 
had grown down prematurely along one side of the endosperm and had 
just begun to indent the latter. The tube contained the two male nuclei 
surrounded by the cytoplasm of the body cell, together with about twelve 
other nuclei varying greatly in size. The largest of these nuclei were 
about the size of the male nuclei or larger. Their structural details 
were sharp and distinct; each contained a very distinct, but delicate, 
nuclear net with two or more relatively small nucleoli. In the same ovyule 
another pollen tube had traversed about two-fifths of its way down through 
the nucellar tissue. In this ovule archegonia were present at each end 
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of the gametophyte. These organs were not mature; the adult size had not 
been attained nor were the ventral canal cells cut off. 

A third kind of peculiarity was observed in two instances in which 
three archegonia formed a group at the geometrical center of the endo- 
sperm. There was no sheath layer between adjacent sides of their central 
cells, but on all other sides they were surrounded by the typical jacket 
layer. In one archegonium of this group a ventral canal cell was in 
process of formation; the other two were younger. No canal or opening 
leading to the surface of the gametophyte could be made out, neither were 
any necks distinguishable in connection with these nor with many other 
cases mentioned in preceding paragraphs. 

A fourth peculiarity to be recorded is the premature arrival of the 
end of the pollen tube at the archegonium. In two different cases out of 
the material used the pollen tube had reached an archegonium in which 
the ventral canal cell had net been formed, nor had these organs attained 
their adult size. In one of these instances the tube had actually pene- 
trated the archegonium, but had not discharged its contents. 

Of the number of ovules of Pinus austriaca in the collection from which 
these anomalies were found, about one-tenth showed archegonia in either 
end of the endosperm. A few anomalies similar to those were observed 
in Pinus virginiana. in this paper the author has endeavored only to 
record the facts as cbserved, reserving a discussion of their probable sig- 
nificance until more Gata will have been collected. 
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Notes on THE Native SEEDLESS PrERSIMMON. 


(Preliminary Report.) 


By WitLiAmM L. WoopBurRn. 


In the vicinity of Indiana University there are a number of persim- 
mon trees (Diospyros Virginiana L.) which during the year 1908 bore 
large numbers of seedless fruits. No single tree, however, was found which 
bore only seedless berries, while four or five bore fruits nearly all of which 
contained seeds. The size of the seedless berries, their distribution on the 
tree, the time of ripening and their flavor as compared with those contain- 
ing seeds was noted. A preliminary study of the embryology of the per- 
simmon was also made. Entire ovaries were fixed in chromic-acetic acid 
and embedded in paraffin for sectioning, and later as the ovaries hardened 
ovules were similarly prepared. As later developments showed, the ma- 
terial was taken from a part of the tree which bore for the most part 
seedless berries, so that the development of the embryo was not observed. 
This led to a careful observation of the distribution of the seedless per- 
simmons on the tree. 

As the persimmons matured it was noted that the lowest branches 
of the tree from which the material was collected bore mostly seedless 
fruits, while somewhat higher were a few with seeds, and in the top of 
the tree the majority contained seeds. The seedless fruits on this tree 
were somewhat smaller than those containing seeds. Another tree younger 
than the one just mentioned bore throughout the branches berries with 
and without seeds, although more seedless below than above. On this 
latter tree there were many seedless fruits quite as large as the others. 

The following questions naturally arise: Why did one tree produce 
persimmons on the lowest branches which were practically all seedless, 
while the majority on the upper part produced seeds? Did fertilization 
depend on the transfer of pollen from some other tree bearing only stami- 
nate flowers, since all the flowers examined contained sterile stamens, but 
these were from a part of the tree which bore only seedless berries? Or 
were there perfect flowers present which produced all the fruits containing 
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seeds? Is pollination necessary for the production of a well-flavored and 
good-sized fruit? Is the absence of mature seeds due only to the lack of 
fertilization ? 

In regard to the first question observations have been made which 
answer it only in part. At the time of flowering, which occurs about the 
last of May and the first of June, ovules were prepared for sectioning 
from the lower part of the first tree already referred to. No difference 
was noted among the flowers, although those in the upper part of the tree 
were not examined. The flowers from the lower part so far as noted bore 
a well-developed pistil but sterile stamens. Sections through the ovaries 
of these flowers showed occasionally a well developed embryo sac, but in 
some instances complete embryo sacs were not observed. Quite often the 
antipodal cells, part of the egg apparatus or the polar nuclei seemed to 
be lacking. Difficulties in staining due to the presence of tannin in cer- 
tain parts of the ovary may have been responsible for this apparent con- 
dition. The polar nuclei were found several times in an early state of 
fusion, but further than this there were no evidences of endosperm or em- 
bryonal development in any part of the embryo sac. The contents disor- 
ganize and small aborted seeds which often occur seemed to be due merely 
to a slight growth of the integuments. There were no evidences noted of 
either fertilization or pollination having taken place. 

As regards the transfer of pollen from staminate trees, the latter are 
not known to exist within three or four miles of the tree in question. 
Whether bees carry pollen to this tree from a distance has-not been ob- 
served. If the tree bears in part perfect flowers, which has not yet been 
determined, this may account for the production of seeds in some fruits 
and not in others. The flowers so far as examined contained only sterile 
stamens. If no perfect flowers are present the question as to the absence 
of seeds being due to the lack of fertilization becomes of some import. 

While the seedless berries on this tree were nearly all small, on a 
second tree seedless fruits were found quite as large as the others, the 
flavor in each case being quite as good if not better, since the seedless 
fruits as a rule have less of the astringent quality so characteristic of 
most persimmons until thoroughly ripe and which often persists even 
then. Whether the large size of the persimmon with seeds is due to the 
influence of fertilization or to some native quality of the pistillate flower 
has not been discovered. 

The Industrialist (No. 20, March, 1904, Kansas State Agricultural 
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College) figures and describes imperfect staminate flowers as borne on 
separate trees from those bearing perfect flowers. Among the perfect 
flowers on the same tree are sometimes borne imperfect pistillate flowers 
From the perfect flowers and the imperfect pistillate flowers similar fruits 
ripened, but no occurrence of seedless fruits was noted. Purdue University 
Agricultural Experiment Station Bulletin No. 60 reports two or three 
varieties of seedless persimmons which had been sent into the station. 

A second tree already referred to bore mainly seedlss fruits. In the 
upper part of the tree about 75% of the persimmons and in the lower part 
probably about 80% were seedless. Sometimes an entire picking (the 
fruits do not all ripen at the same time) would be seedless. These persim- 
mons were excellently flavored, of a good size, and usually ripened earlier 
than those with seeds. The seedless, however, do not always ripen earlier, 
for some of the greenest on the tree, after ripening had begun, were found 
to be seedless. On the other hand, the earliest ripe were always seedless, 
one having been found on August 20th ripe and well flavored but rather 
small. 


[8—21363 ] 
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Testing Step Corn BY SPECIFIC GRAVITY. 


By Herpert A. DUNN. 


The corn of our native Indians as found by the first settlers in this 
country was small in size and of an inferior quality. The white man real- 
ized the possibilities of this new corn and at once began to select and im- 
prove it. This has been a slow process, and more improvement has prob- 
ably been made in the last generation than in all the years preceding. 
The average yield in the United States for the decade ending in 1875, ac- 
cording to J. W. T. Duvel, assistant in the seed laboratory, Bureau of 
Plant Industry, Washington, was 26.07 bushels per acre, and the yield for 
the decade ending in 1905 was 25.2 bushels; the largest yield in any one 
year was in 1906, 30.8 bushels per acre. 

During the year 1907 practically one hundred million acres were 
planted in the United States, requiring sixteen and a half million bushels 
of seed. Observation has shown that 20% of this seed does not germinate, 
the chief reason for this being carelessness in selecting and caring for the 
seed corn. 

The yield will depend on the vitality of the seed and on contingency 
or the weather and soil and cultivation. In years past corn has been 
planted with little thought of the type of grain and germinating power ; 
often only a random test was made by the aid of a pocket knife. Hx- 
perienced tarmers say that this is a fairly good test but experiment sta- 
tions rely on and advocate the germinating test. Both of these tests re- 
quire much time. 

Since the yield is largely dependent on the quality of the seed corn, 
a comparatively simple and efficient seed test is very desirable. 

One day I accidentally dropped some kernels in a basin of water. I 
noticed that the majority of the kernels lay flat on the bottom, while 
some stood on end, and on examining the latter they were found to be 
shriveled on the germ end, or had blisters. This gave me an idea of using 
a specific gravity test, for it must be evident that by increasing the density 
of the solution the light kernels would rise to the top. The question arose: 
What should be added to the water that is both harmless and cheap? I 
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decided on giucose, one part of glucose to three of water, Sp. Gr. 1.21. In 
this mixture the light kernels came to the top. I thus had light and heavy 
kernels, and with these I experimented as follows: 

First Test—s800 kernels were taken from every other row of an ear 
that tested “good” in the usual “seed box” germinating test: Lot 1, 300 
kernels from the alternating rows were divided into two lots by the specific 
gravity test; lot 2 showed 258 heavy grains; lot 3, 42 light grains. (Lot 
1 was not put in solution.) The vitality of these three lots was deter- 


mined by testing in a box, under identical conditions. 


GERMINATING RESULTS. 


Ot (SOO Mera) een erecseas be ccaee memeice Cant cise Spano ccecets ... 86% germinated 
ote Ze (ealvyiallce rm O'S \ iriver cst ots cvews onc coche ystc onices eueienentstcnene ... 89% germinated 
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Motes ushii~icernel sp eeeetitcssce cre gas susroe nia aus ..... 69% germinated 

Second Test.—100 kernels were taken from an ear which showed a 
germinating test of 4 dead kernels and 1 weak out of 5 (the usual test 
number being 5). These kernels were separated by the specific gravity 
test and tested as before. 


GERMINATING RESULTS. 


OEE GS heavy were S ete ees Meta eine mee an eect ee er 47% germinated 
OH WS BB Me INSMSI Go eb sdowsssuoosesdob dd sword -.... 154% germinated 

Third Test-—100 kernels were taken from two ears which showed 
“extra strong” in the germinating test. They were separated by the specific 
gravity test, which gave a high percentage of heavy kernels, and were 
tested under conditions similar to the above. (It will be noticed that the 
per cent of light kernels is quite small and that all germinated.) 


GERMINATING RESULTS. 


ELC ayaa kcCrmel Sie (Op) eicenicnca iia creeks Bindi tanits eyecare eee 100% germinated 
Wieht erm else (O yee ey eee eee erste dac a eelonene de hier eeemle ara deaene eat 100% germinated 


Fourth Test—Two full rows were taken from 25 ears, in which all 
of the five test kernels had failed to germinate in the “box test.” This 
gave a total of 2,116 kernels. The specific gravity test showed 592 heavy 
and 1,524 light; these were tested as mentioned above. 


GERMINATING RESULTS. 


OE HN BEPy AMER IKAT. INGE oie ucoloo opoo gauousooeeoooaa6o 54% germinated 
Of thes 524 aici kernel Shee ae erercrreieretiette eae eer cites olsen eile 22% germinated 
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Field Test.—Out of 125 bushels of selected seed corn, I reselected 
enough to plant a thirty-acre field—from which in turn seed for the fol- 
lowing year was to be selected, and the germinating test for each ear had 
to be high. Out of this reselected seed a suflicient amount was put through 
the specific gravity test until there were enough light kernels to plant a 
row of 80 rods. The test corresponded with test No. 3, that is, 90 per cent. 
of the kernels were heavy; all germinated. These light seed were planted 
in a row alongside of one of heavy; the rows were ‘checked’ and ran 
east and west, the light row being on the south. Now as our prevailing 
winds are from the southwest, one can readily see how there might thus be 
a Slight difference: the row of heavy kernels might be fertilized by pollen 
from the light kernels rather than the reverse. 

There was no perceptible difference in the appearance of these two 
rows, but when a count of stalks was made in August, the heavy row 
showed an excess of 129. When ripe, the ears from each row were husked 
and weighed, and there was found to be a difference of 20 pounds in favor 
of the heavy row—equivalent to nearly three bushels to the acre. 

My conclusions from these experiments are as follows: 


1. To test seed corn by the germinating test is time-consuming and 
expensive, and requires great care. 

2. Choosing five kernels to represent 600 to 1,000 others from an ear 
does not prove to be an infallible method. (Test 4.) 

3. To test by specific gravity is simple, rapid, and inexpensive. 

4. The specific gravity test enables one to eliminate the weak kernels 
in a simple and practical manner. 

5. The crucial test, the field experiment, shows that the light grains 
should be discarded. 
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Notes oN THE E'LorA oF Cass County. 


By Ropserr HESSLER. 


(Abstract. ) 


This paper embraces a large collection of notes on the flora of Cass 
County, covering the years from 1894 to 1908, excepting the years 1898 and 
1899, when the writer was away. ‘The paper relates more particularly to 
plants which are not of general distribution in the State. The notes given 
under the different species of plants may be grouped as follows: 


(a) Relating to plants, especially weeds, that have recently wan- 
dered in, particularly along the railways, either to maintain themselves 
and perhaps overrun the country, or, on the other hand, to lead a pre- 
carious existence for a year or two and then again disappear. 

(b) Relating to plants that are apparently extinct or on the verge 
of extinction on account of the destruction of their natural habitats, as 
the cutting down of forests and bringing the ground into cultivation, or 
by simply thinning the trees to such an extent that shade-loving plants 
ean no longer thrive. Moreover, with the thinning of the trees many weeds 
come in, also grasses, and they tend to crowd out the native plants. The 
draining of wet places, of swamps and bogs, has been going on actively in 
recent years and few such now remain in Cass County. There are fewer 
and fewer places where plants that were once common are now to be found, 
and it is only a matter of time until these, too, will lose their native flora. 
The old-time rail fence has furnished a home for many species, to which 
the wire fence gives no protection. 

(c) Relating to plants that are undoubtedly native but which seem 
to come and go, being found in one locality for a year or a few years, and 
then disappear, to reappear in a distant locality and where they had not 
been seen before; that is, like people, they seem to be moving about—es- 
pecially plants that are fond of moist soils; perhaps birds carry the seed. 

(d) A lot of notes not fully worked up (for lack of time) relating to 
plants of interest on account of their medicinal or supposed medicinal 
value—either as “simples” or as real remedies used by the educated phy- 
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sician (a number are used by the patent and proprietary medicine men, 
with extravagant statements as to their value). 

One can distinguish between: (1) Plants that have been brought in 
purposely, or which have come in accidentally, the ancient medical lore 
connected with them being continued; (2) Native plants to which old 
European lore has been transferred, often along with the old Huropean 
names; (3) Native plants about which independent knowledge has been 
obtained (whether real or supposed is at times difficult to determine), that 
is, not based on old statements in Huropean literature. 

The writer wishes these notes to be considered as a contribution to 
the knowledge of the flora of Indiana, and as showing more particularly 
how old plants are disappearing and new ones coming in. The writer 
says: 

“This is a subject that should be of interest to botanists everywhere, 
and especially to the amateur. To me it is certainly a great pleasure to 
get out occasionally and note the changes that are constantly going on— 
changes so gradual that few are aware of them at all. I have repeatedly 
seen a new plant, generally a weed, come in and within a few years be- 
come a feature of the landscape. We need only think of the White Sweet 
Clover, a rank plant, that in places, especially along country roadsides, 
has crowded out all other plants. 

“In this connection I might refer to my paper on the Adventitious 
Plants of Fayette County, presented before this Academy in 1893, and on 
the Flora of Lakes Cicott and Maxinkuckee, in 1896; also to the many 
papers given before the Academy by men from all over the State. Such 
lists are useful for the purpose of making comparative studies. 

“T hope some one will gather up all the available data and publish them 
for the benefit especially of high school students, many of whom can be led 
to interest themselves in this subject. It is not a difficult matter to be- 
come acquainted with one’s local flora, and to detect new arrivals. Such 
information may also be of value to the farmer. 

“In going over my notes, I realize the importance of making memo- 
randa of observations at the time. There are some facts about the flora 
of Cass County that I thought I would always remember, but I now find 
that I am not sure about the presence or absence of certain plants, say 
twelve years ago, and in my list I have several times been compelled to 
refer to this. One may be reasonably sure about a fact, but unless one 
has notes, made at the time, there may always be some doubt. 
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“T would like to add another word, and that is, the value of the train- 
ing derived in studying botany, in identifying plants, and in noting the 
changes going on. This training is of great value to the man who desires 
to become a physician. To differentiate many species (and we need only 
think of the Asters and Golden-rods) requires patience and close study— 
and the experience is of value to the physician, by helping him to make 
distinctions between diseases and states of ill health that appear as one 
to the careless observer. 

“T may add that a number of photographs have been taken of native 
plants in localities or habitats that are now undergoing destruction, es- 
pecially of swamps and bogs and wet woods. A few years more and the 
localities will be wholly altered, and with this alteration the flora will 
have disappeared; it will exist only in herbaria, in photographs, and in 
memory.” 
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A New ANTHRACNOSE ATTACKING CERTAIN CEREALS AND 
GRASSES. 


By A. D. SELBY anp THOos. F. MANNS. 


(Abstract. ) 


This paper states briefly the results of culture investigations of a 
fungus described as Colletotrichum cereale, n. sp. This has been found to 
be present over the State of Ohio, attacking the spikes, culms and sheaths 
of rye, the culms and sheaths of wheat, oats, chess, orchard-grass, timothy, 
red-top and blue-grass. Upon the cereals the attack is timed to the ap- 
proaching maturity of the plant and produces marked shriveling of the 
grain. The behavior of the fungus on different media is stated, and dif- 
ferent illustrations are included. It will be published in bulletin No. 203 
of the Ohio Agricultural Experiment Station. 
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THe DissEMINATION OF Dishask BY M@BANS OF THE SEED OF 
THE Host PLANnt. 


By M. F. Barrus. 


(Abstract from thesis presented in June, 1908, at Wabash Collegee, Craw- 
fordsville, Indiana, for Hastman Biological Prize.) 

It has been known for a long time that diseases can be spread by 
means of the seed of the host plant. As early as 1730 Jethro Tull recom- 
mended a change of seed to avoid smut. Since then the list of such dis- 
eases has steadily increased until now there is a large number of them. 

A knowledge of the method by which infection of the seed takes place 
and of the subsequent growth of the parasite is of value, since it will re- 
veal a vulnerable point of attack, if there be any, in seeking means of 
controlling the disease. It is the purpose of this paper to indicate briefly 
those diseases of cultivated plants which are disseminated by means of 
the seed of the host plant and to point out the method by which the seed 
becomes infected. : 

These diseases can be divided into two classes, those which infest the 
seed internally, i. e., the organism entering the maturing seed and existing 
within in a dormant condition until the germination of the seed; and those 
which infest the seed externally, i. e. the organism or its spores becoming 
attached to the surface of the seed and entering the host plant at the time 
it germinates. The diseases belonging to the former class are the An- 
thracnose of Beans, the Blight of Peas, the Loose Smut of Wheat and 
Barley, and possibly a few of the Rusts. Under the latter class may be 
included most of the Smuts, the Wilt of Flax, and probably some of the 
Rusts and a few Bacterial diseases. 


BEAN ANTHRACNOSE. 
Colletotrichum lindemuthianum (Br. & Cav.) on Phaseolus vulgaris. 
The fungus causing this disease survives the winter in the seed of 
the host plant. If the affected pods are allowed to ripen on the vines, the 
mycelium of the fungus penetrates further and further, eventually entering 
the seeds, usually causing them to become spotted (Figs. 1 and 2). Here 
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the mycelium remains in a more or less dormant state until conditions are 
favorable for the germination of the bean seed, when it renews its activity. 

An examination of a diseased seed will reveal an abundance of my- 
celium in the infected portions. By carefully treating the seed with hot 
water or formalin to rid them of surface fungi and placing them in a 
sterile moist chamber, one is able to obtain spores in great profusion on 
the seed before it has germinated and later on the cotyledons, stems and 
leaves of the seedling in the sunken and discolored cankers caused by the 
fungus. Dr. Halstead reports that he has found spores of the Anthracnose 
on the dry beans, especially in the cavity between the cotyledons. 

In the germinating plant, no doubt the plumule is often infected by 
contact with the diseased portions of the cotyledons. (Fig. 3.) Spores, 
however, are produced upon the cotyledons after the bean has expanded 
its true leaves and when released by the dissolution of the mucilaginous 
matrix they are washed to the ground or on the stems below. The stems 
become infected from these spores and cankers are formed at the infected 
places. Often these cankers encircle the stem and thus cut off the supply 
for the leaves above. Sixty-one German Wax Beans apparently healthy 
were planted in the greenhouse. When well up five were observed which 
had infected cotyledons, the others appearing healthy. Seventeen days 
after planting thirty-one of the plants were affected by the disease at the 
base of their stems, showing, doubtless, that spores from the cotyledons 
of the five plants had infected the stems of the others. (Fig. 4.) 

When the plants are moist the spores of the fungus are in a condition 
to be easily disseminated, so that working among the plants at this time or 
otherwise disturbing them aids in the dissemination of the fungus if any 
diseased plants are present. Even the wind aids dissemination by scatter- 
ing contaminated drops of water to healthy plants, or by blowing the plants 
against each other. In this way the disease spreads to the leaves, stems 
and pods of the plant during the growing season. 

The selection of seed from unaffected pods seems at present to be the 
most satisfactory method to pursue in controlling the disease. The pods 
should be selected in the field and only such as are perfectly free from all 
evidence of disease should be selected. Apparently healthy beans within an 
infected pod may harbor the mycelium of the fungus without showing any 
evidence of it. Enough seed can be selected in this way to plant small 
patches. Those who grow iarge areas should select enough beans to plant 


1. Halstead, B. D., The Anthracnose of the Bean. A Remedy Suggested. Ann. 
Rept. N. J. Agr. Exp. Sta. 1891, p. 284. 
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half an acre and use the beans from this seed-patch for subsequent plant- 
ings. By careful selection after this manner each year the disease can be 


controlled to a profitable extent. 


SUNSCALD OF PEA. 
Ascochyta pisi Libert. on Pisum sativum. 

During the summer of 1907, my attention was called to this disease 
affecting the garden pea. As observed at this time, the leaves, stems and 
pods were badly spotted. (Fig. 5.) The spots on the pods were not con- 
fined to the surface alone, but in many cases extended entirely through 
the pod, aS was evident from the fact that spots were found exactly op- 
posite those on the other side and the seed between the affected portions 
was discolored or distinctly spotted by the disease. I gathered a number 
of the diseased pods of both early and late varieties and planted twenty- 
three seeds of each variety in the greenhouse during the winter following. 
Several seeds of the late variety were distinctly spotted. All of the early 
variety germinated and thirteen of the late variety. ‘Those that did not 
germinate were found to be decayed. Soon after they came up, nearly all 
of the plants died. Usually the stem near the base withered and turned 
brown, resulting in the death of the young plant. 

Five of the forty-six planted lived and produced pods. Even the lower 
leaves of these withered and dropped off, giving the plant a very straggling 
appearance. No spots such as were cbserved on the plants grown in the 
garden were to be seen, contrary to my expectation, but from the descrip- 
tion of the disease given by others,: the trouble was undoubtedly due to 
Ascochyta. 

Kruger, a German mycologist, found that if diseased seed was soaked 
in water from forty-eight to seventy-two hours, the mycelium of the fungus 
would completely encircle it, and grow out into the water, forming a white 
mass of radiating threads. Van Hook verified this statement and also found 
that if the diseased pea seed were placed in a germinator for a few days 
a heavy coat of white mold would be formed about them in which, if seed 
were removed to a covered dish with less moisture, numerous reddish- 
brown pycnidia would be formed.* These pycnidia were produced by the 
mycelium of the fungus which had lain dormant in the seed since its ma- 
turity. When the conditions were right for the germination of the seed 
the fungus renewed its growth. The mycelium grows within the stem con- 


1. H. G. Howell, J. M. Van Hook. 
2. Van Hook, J. M., Blighting of Field and Garden Peas. Ohio Bul. 178, 1906. 
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currently with the growth of the plant, causing lesions at its base and a 
withering of its lower leaves, and often its death before or soon after its 
appearance. Probably the embryo is affected by the fungus in most cases 
where the seeds do not germinate. The spores exuded from the lesions on 
the stems, leaves and pods are scattered by the wind and other agents, and 
infect healthy-plants. If the spotted pods are left upon the vines until the 
seeds are mature the mycelium penetrates some of these seeds, which thus 
carry the fungus over the winter, making this an important means for the 
dissemination of the parasite. 

Seed treatment has not been very effective in controlling this disease 
which, fortunately, with the exception of an occasional epidemic, is not 
very destructive. Rotation of crops is one method usually recommended. 


LoosE SMutr oF WHEAT. 
Ustilago tritici (Per.) Jens. on Triticum vulgare. 


It was formerly thought that the spores of this fungus became at- 
tached to the coat of the healthy seed and germinated at the time of the 
germination of the seed, infection threads from the promycele penetrating 
the first leaf-sheath, as is the case with stinking smut. But later inves- 
tigations have made quite certain that the germinating spore infects the 
pistil of the healthy wheat at flowering time, the mycelium establishing 
itself within the ovary during its development and remaining dormant in 
the ripened seed until it had germinated, the mycelium then continuing 
its own development... This fact explains why the results of seed treat- 
ment for this species have been negative to so large a degree. 

During the latter part of June, 1907, I inoculated many wheat plants 
with the spores of U. tritici by dusting the young stigma with the spores. 
The stigma seemed to be most receptive when quite young. Records of 
inoculations were kept and heads gathered at varying intervals of time 
from date of inoculation. A pistil examined one day after inoculation 
showed that a number of spores adhered to the stigmas and that several 
had germinated. It was hoped that the point of infection would be ob- 
served and although the germ tubes of spores were seen directed toward 
the interior of the stigma, none were seen entering or within. Spores 
were also germinating on the surface of the ovary and it may be that the 
‘point of entrance is through the ovary coat. Of those seeds which were 


1. Brefield and Falck, K., Flower Infection by Smuts. Untersuch. ges. Gebiet 
Mykol. 1905, No. 18. Abs. in Bot. Centbl. 101 (1906) No.-8: 212-213. 
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allowed to mature after being inoculated, thirty were planted in a box in 
the greenhouse on October 10th, 1907. On the 15th of May, 1908, the re- 
sulting wheat-plants had begun to head out. All the heads were more or 
less smutty. The majority of them were reduced to a mass of Spores as 
is commonly observed in the field. In a few cases the ovary was the only 
part entirely destroyed, the outer portion being unaffected or only streaked 
with sori containing the spores. As the wheat plant develops the mycelium 
of the fungus grows upward probably much after the manner of the my- 
celium of the stinking smut. It enters the young head early in its forma- 
tion and branches into numerous sporogenous hyphae, which completely 
destroy the pistil and other parts of the flower. These hyphae divide into 
a number of cells within each of which a chlamydospore is formed as in 
Oat Smut. The walls of the hyphae become gelatinous and later disap- 
pear, leaving the spores free. These dry on exposure to the air, forming 
a dusty mass so commonly observed at the flowering time of wheat. These 
spores are blown about by the wind and infect the ovaries of healthy 
heads, thus establishing the fungus for another year. (Mig. 6.) 


NAKED SMUT OF BARLEY. 
Ustilago nuda (Jens.) Kell. and Sw. on Hordewm vulgare. 


This Smut is similar in methods of attack and in field characteristics 
to the Loose Smut of wheat. The head is reduced to a mass of spores 
which are scattered at the flowering time of barley. These spores infect 
the ovaries of the healthy plants in which the mycelium of the fungus 
develops until the seed is ripe, remaining throughout the winter in a dor- 
mant condition and continuing its growth concurrently with the growth 
of wheat after seed is planted. 


THe STINKING SMUT OF WHEAT. 


Tilletia foetens (B., & C.) Trelease and 7. Tvritici (Bjerk.) Wint. on Triti- 
cum vulgare. 

Tilletia foetens has a spore with a perfectly smooth coat, while the 
epispore of 7’. tritici is much reticulated. Their method of infection and 
srowth are similar. 

The spores of these two smuts are scattered about at harvesting time 
or in some other way become attached to the healthy seed. When placed 
in a situation favorable for their germination they send out a short, thick 
promycelium and at its tip is borne a cluster of slender tapering sporidia 
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which conjugate in pairs. Infection threads are either produced by these 
sporidia capable of penetrating the host plant or, as is usually the case, 
secondary sickle-shaped sporidia are borne on short filaments and these 
sporidia produce infection threads. The formation of sporidia greatly in- 
creases the chances of the fungus to infect the host. 

The infection of the wheat plant takes place soon after the germina- 
tion of the grain and even before the first leaves are put forth. Hoffman 
believed that the infection threads can enter only the sheathing primary 
leaf or the collar between the root and stem while they are yet very young 
and delicate and concludes that anything which would hasten the growth 
of the young plant would tend to lessen the chances of infection.1 Bolley 
believes that infection does not take place unless there is a large num- 
ber of sporidia in close contact with the seedling during the infection 
period.” The mycelium after gaining entrance to the young plant pushes 
its way upward with the growth of the host, the older mycelium dying and 
its contents passing upward into the young advancing ends, and finally 
fruits in the ovaries by the production of chlamydospores from sporogenous 
hyphae that have developed abundantly in them. The Stinking Smut 
differs from the Loose Smut of Wheat in that the destruction ss entirely 
confined to the ovary contents. The ovary coat is left intact, so that one 
would easily fail to recognize any infection unless he made particular ob- 
servation or noticed the disagreeable odor characteristic of the fungus. 
The affected kernels are somewhat larger than healthy ones and this in- 
crease in size causes the florets to spread, making the head more open 
than a healthy one. When the kernels are cut open they are found to 
be filled with a mass of olive-brown spores of a greasy character. 


THe LOOSE SMUT OF OATS. 


Ustilago avenae (Pers.) Jens. and 


THe HinppEN Smut or Oats 
Ustilago levis (Ixell. & Sw.) Magnus on Avena sativa. 


There are two distinctive species of oat smut called respectively the 
Loose and the Hidden Smut of Oats. Both are much alike in their methods 
of development and both succumb to the same method of treatment. Us- 
tilago avenae is by far the commoner and is the one which causes the 

1. Note from Kellerman and Swingle, Report on the Loose Smut of Cereals. 2d 


Ann. Rept. Kan. Exp. Sta. 1889, pp. 213-288. 
2. Bolley, H. L., New Studies upon the Smuts of Wheat, Oats and Barley N. Dak. 


Bul. 27, 1897. 
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greatest damage of all grain smuts in the United States. The disease 
makes its appearance at the time of blossoming of the oat-plant, the whole 
head becoming a dusty olive-brown mass. ‘The infected flowers are 
entirely destroyed by the disease and even the awns are affected. 
In the Hidden Smut the spore mass is more or less concealed by an outer 
membrane of the floral parts that remain intact from the disease. The 
dusty mass is made up of great numbers of spores which are blown about 
by the wind, some being caught in the open glumes of flowering oat-plants. 
Since after blossoming the glumes close tightly about the ovary, such spores 
are held imprisoned and remain so until the seed is in a condition to 
germinate. Then the imprisoned spores germinate after the manner of 
several smuts, producing a three or four-septate promycelium, which usu- 
ally bears oval or elliptical sporidia at the apex or laterally at the septa. 
Infection threads are usually produced by these sporidia, but the promy- 
celial threads may also produce them. These infection threads gain en- 
trance to the host by piercing the delicate young cells of the first leaf- 
sheath before the leaf has appeared. Plants are free from infection after 
the growing leaves have pushed themselves as much as one c. m. through 
the leaf-sheath. Brefield found by experimentation that oats germinated 
up to 15° C. gave 3 per cent. smutted heads, but when grown at a higher 
temperature give 1 to 2 per cent. smutted heads or more.t This bears out 
ordinary experience that late sown oats while more liable to rust are 
freer from smut. This immunity is probably due to the short period when 
the plant is open to infection as a result of the rapid germination and 
growth of the seed in the more favorable condition of temperature. 

In from thirty-six to forty-eight hours after infection considerable 
mycelium will be developed which penetrates the first and second leaves 
and gains entrance to the stalk or culm. It grows upward and invades 
the young head in quite the same manner as in case of other smuts. In 
place of a healthy head, a dusty mass of spores appears, which are scat- 
tered to healthy heads by the wind. 


1. Brefield, O., Recent Investigations of Smut Fungi and Smut Diseases. Trans 
by Erwin F. Smith, Jour. Mycol. VI, pp. 1-8; 59-71; 153-164. 1890-91. 
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COVERED SMUT OF BARLEY, 
On Hordeum vulgare. 
Ustilago hordei (Pers.) Kell. & Sw. 


This smut differs from Ustilago nuda in its method of infection and 
in its appearance in the field. The floral parts are not as completely de- 
stroyed and these serve to confine the spore mass and thus keep the spores 
from escaping until threshing time. Although they have a smooth epi- 
spore they cling to the seed and germinate with it, producing sporidia in 
abundance, laterally and terminally, upon a two to three-septate and 
elongated promycelium. These sporidia send out infection threads which 
penetrate the host in its early stage of growth. The swollen segments of 
isolated promycelium may also produce infection threads. The manner of 
growth in the host and the production of chlamydospores is Similar to 
that of other loose smut.', ” 

OTHER SMUTS CARRIED OVER BY THE SEFD OF THETR Host PLANTS. 

Grain Smut of Rice. 

Tilletia horrida Tak. on Oryza sativa. 

Head Smut of Sorghum. 

Spacelotheca Reitiana (Wuhn) Clint. on Sorghum vulgaris. 

Grain Smut of Sorghum. 

Spacelotheca sorghi (LIK.) Clint. on Sorghum vulgaris. 

Grain Smut of Hungarian Grass. 

Ustilago crameri Kom. on Setaria italica. 
Leaf Smut of Timothy, Red-top, Blue-grass, and other Grasses. 
Ustilago striaeformis (West.) Miessli. 

Smut of Tall Oat Grass. 

Ustilago perennans Rostr. on Arrenatherum avenaceum. 


And smuts of many wild grasses. 
Lax WILT. 


Fusarium lini Bol. on Linwn usitatissimum and L. humila. 


The spores of this fungus become attached to the seed and germinate 
with it in the soil. These infect the roots of the young plant, often killing 
the seedling before it appears above ground. In case when plants live and 

1. Clinton, G. P., Smuts of Illinois Agricultural Plants. Il]. Bul. 57, 1900. 


2. Kellerman & Swingle, Reports on the Loose Smut of Cereals. 2d Ann. Rept. 
Kan. Exp. Sta., pp. 313-288 : 1889. 
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are able to mature their seeds, they are frequently internally infected by 
the mycelium of the fungus and thus serve to carry the disease from sea- 
son to season.’, *, ? 

RUSTS. 

It is now believed by some pathologists that certain species of Puc- 
cinia are perpetuated by means of the seed of the host plant. Hriksson, 
after long investigation, came to believe that the fungus exists in the seed 
in a mycoplasmic form which can only with difficulty be detected from the 
protoplasm of the cells in the seed. As the plant grows, the mycoplasm 
spreads from cell to cell, finally appearing as mycelium in the intercellular 
spaces. He believes that the rust may be inherited from preceding crops 
by means of this mycoplasm.* It is generally believed that the facts do 
not warrant the acceptance of this theory. Bolley thinks that infection 
may take place from spores inside the seed itself. He found both uredo 
and teleutospores of Puccinia graminis borne in spore beds just below the 
bran layer of wheat and also found plenty of rust-mycelium within the 
seed. Eriksson reports seed infection with Puccinia graminis and P. 
glumarum in wheat, oats, and barley, and P. dispersa on rye. Noack re- 
ports a case from Cooke of carnations being affected by rust which must 
have been caused by seed infection and he himself observed an incident 
of celery-rust that was likewise caused by infection from the seed.° 


ANTHRACNOSE OF TOMATO. 


Colletotrichum lycopercici Ches. on Lycopersicum esculentum.’ 


BACTERIOSIS, OR BACTERIAL BLIGHT OF BEANS. 


Bacterium phaseoli Sm. on Phaseolus vulgare.’ 

This disease affects the stems, leaves, and pods (Fig. 7) of various 
field and garden beans, including limas. It spreads through the pods into 
the seeds, where the bacteria live through the winter, thus carrying the 
disease from season to season. 


Bolley, H. L., Flax Wilt and Flax Sick Soils. N. D. Bul. 50, 1901. 
Bolley, H. L., Flax and Flax Seed Selection. N. D. Bul. 55, 1903. 
Bolley, H. L., Flax Culture. N. D. Bul. 71, 1906. 

4. Eriksson, J., A General Review of the Principal Results of Swedish Research 
on Grain Rusts. Bot. Gaz. XXV; 26; 1898. 

5. Bolley & Pritchard, Rust Problems, ete. N. D. Bul. 68: 1906. 

6. Noack, Fritz, Die Verschlepping von Pflanzenkrankheiten durch Simereien. 
Zeitsch. land. u. ver Hersen, 1893, No. 20, pp. 161-2. Trans. by Prof. H. H. Whetzel. 

7. Harvey, F. L., Tomato Anthracnose. Me. State Coll.; Ann. Rept. 1893. Part II, 
Denl52) | 
~” 8. Whetzel, H. H., Some Diseases of Beans. Cor. Exp.tSta. Bul. 289, 1906. 
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Brack Ror or CappaGe. 

Baccillus campestre (Pam.) Sm. on brassica oleracea and: B. campestris. 

Infection takes place through the water pores of the leaves. The mar- 

gins become affected and later the whole leaf withers and dies from throm- 

bosis, i. e. by the plugging up of the xylem vessels by the bacilli. It has 

been shown while the bacilli will die when exposed from 8-10 days on a 

dry cover glass, they are able to live ten to thirteen months on the smooth 

surface of a cabbage seed, and that they often pass the winter in such a 
position. 

STEWART’S SweEET CoRN DISEASE. 
Bacterium stewartii. Sm. on Zea Mais. 


This is a thrombotic disease of sweet corn that is believed to be dis- 
seminated from year to year chiefly by means of bacteria clinging to the 
seed.? 


Harding. HH. A-) vitality of the Cabbage Black Rot Germ on Cabbage Seed. N.Y. 


Harding, H. A 
ts Prucha, M. Te i\ Exp. Sta. Bul. 251, 1904. 
2. Stewart, F. C., A Bacterial Disease of Sweet Corn. N.Y. Exp. Sta. Bul. 139, 1897. 


————— ee 


a 


a 


‘ISB IY} ISU SUOISI] SUT 
-MOYS ‘ASOUDBINIUW GM poyooye squeyd *SUOpo[4}00 942 WO Ssjzods 9sou 
UBIq JO SM9}S JO UOTZIOd AWMOT OY “FST -OVINJUY SUIMOYS SJUB[d Uveg SUITPI0G “Ee 'sIY ‘SOUDBIYIUV YIIM poqj0ds poss uvoq ‘T's 


a 


as to show that the fun- 
1 the seed. 


Bean pod with canker cut 
us had penetratec 


Fig. 2. 
away so 


Pea pods affected with Ascochyta 


Fig. 5. 


YUSl[q [vltoyoeg WJM poyods spod uvaq ‘1 ‘oi *qNUIG OSOOT] 04} ZIM pozooHe IVa JO Spvafy “9 “ST 


127 


THe HistonoaicaL DirrERENCE Between Pinus TaEpA AND 
Pinus PA.ustris. 


By IXATHERINE GOLDEN BITTING. 


Though the structure of the wood of a tree will show considerable 
variation due to environment and conditions of growth, the variation will 
be manifest in the amount of wood formed, and the size of the cells. ‘The 
characteristics which distinguish the particular wood remain constant, no 
matter what the external conditions may be, so that it is always possible 
to distinguish the wood of any species by the use of the microscope. It 
is not always possible to distinguish woods macroscopically, even by expert 
lumber men. This is particularly true of Coniferous woods, which are 
composed of only one form of element, the tracheides. 

The close macroscopi¢al resemblance of many Conifers, coupled with 
the variety of local names possessed by nearly every species, has caused 
much confusion in the lumber business. At present when a certain lumber 
is specified in a contract, many times the only guarantee that the contract 
will be properly filled will be the resemblance to the lumber named, along 
with information as to the locality from which it was shipped, the latter 
being the more reliable, if it be known to furnish pure groups. 

Two of the hardwood Conifers which are confounded are Pinus taeda 
and Pinus palustris, or as they are more commonly known, Loblolly and 
Longleaf pine. In addition to these Loblolly has twenty-two other common 
names, and Longleaf twenty-seven, three of which are common to both. 

Pinus taeda is of wide distribution, due to its adaptability to grow in 
different soils, consequently it shows considerable variation in its annual 
growth in both height and diameter. The best lumber is obtained from 
trees grown in mixed forests on well drained and fertile soil. These trees 
give the greatest growth in height, and a slower growth in diameter, both 
varying with the age of the tree. The zones of the spring and summer 
wood in the annual ring are nearly equal in extent, the spring wood shad- 
ing gradually into the summer wood. In the gross, the zones are fairly 
distinet, but under the microscope it is difficult to define their proximate 
limit, aS seen in the transverse and radial sections. The tracheides in 


cross-section are approximately square or oblong, those in the summer 
wood being much thickened, leaving an irregular-shaped opening. The 
thickness varies from .00454 mm. in the spring wood to .0106 mm. in the 
summer wood. The length and width of the tracheides also vary, those 
in the spring wood being 6.444 mm. in length by .05606 mm. in diameter, 
those in the summer wood being 6,735 mm. by .03333 mm., being very 
slightly longer but decreased considerably in diameter, the decrease in 
width being accompanied by a greatly increased thickness. These figures 
are taken from the early spring and the late summer tracheides. 

The resin ducts occur singly in both the spring and summer zones. 

The medullary rays are somewhat obscure, one row of cells in width 
and 2 to 17 cells in height, except those which contain resin ducts, which 
widen and have a greater height. 

In the longitudinal sections, the walls show striations which are fairly 
prominent, but have very little bowing apart of the walls. 

Pinus palustris requires a drained soil in which to grow, its seed 
years occur at longer intervals, and thus it has a more limited distribu- 
tion than P. taeda. It also has a lesser height and diameter, but has a 
finer grain, and greater weight. The zones of the spring and summer 
wood are distinct from each other, showing in well-marked lines, the 
summer wood appearing oily and compact as against the lighter line of 
the spring wood. The summer zone varies from about one-third to one- 
half of the annual ring. The two zones are so distinct that unless the 
thickness of the walls be noted carefully, the only difference between the 
limits of the summer wood is that the first growth shows an irregular line, 
whereas, the end of the zone for the year’s growth forms a clean-cut ring. 

The tracheides in transverse section are approximately square or ob- 
long, with approximately round or elliptic openings left in the summer 
wood. Those in the spring wood average 4.4555 mm. in length by .04356 
mm. in diameter, and the walls .00643 mm. in thickness. The summer 
tracheides average 4.8533 mm. in length by .0409 mm. in diameter, and 
the walls .01363 mm. in thickness. There is only a slight difference between 
the tracheides of the spring and summer zones in length and diameter, but 
the thickness of the walls is more than doubled. 

The resin ducts occur singly, near to, and in, the summer wood. 

The medullary rays are conspicuous, being one row of cells, rarely 
more, in width. They vary from 2 to 28 cells in height, except those con- 
taining resin ducts, which are much larger. 
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The walls of the tracheides bow apart to such an extent as to appear 
like a string of beads in the longitudinal sections. 

In distinguishing the woods of the two trees the factors which are 
most prominent and also most readily obtained are in Pinus taeda, the 
junction of the spring and summer wood, in the year’s zone, not distinct, 
the medullary rays somewhat obscure, and close together; in Pinus palus- 
tris spring and summer wood distinct from each other, the medullary rays 
conspicuous and farther apart, having a ratio of 4 to 11 to those in Pinus 
taeda. The other differences noted might be used in verification, but are 
not essential in the differentiation of the two woods. 


Fig. 4. Pinus palustris. Trans. sec. x 110. 


Fig. 1. Pinus taeda. Trans. sec. x 110. 


"CGE X “DAS ‘SUBIT, ‘SII]SN[ed snuIg "GSI ‘e682 X‘OeS ‘SUBIJ, ““peBTSNUTg ‘ZS 


“C6 X “00S ‘SUB, 


‘slagsn[ed snulg ‘9 sy 


‘G6 X ‘OOS ‘SULT, 


"epaey SNUIG “¢ “SI 


Rereort or Work in Corn PoLuration. 


By M. L. Pisuer. 


The work here reported was done during the season of 1908. A series 
of six studies was carried out in duplicate, as follows: 
To determine period necessary for pollination in the field. 


ny) 


b. To determine the best condition of silks for pollination. 

ce. To determine time of day when pollination takes place most 
actively. 

d. To determine the result of crossing with pollen from a variety of 
a different color or race. 

e. To determine the vitality of pollen grains. 

f. Yo determine the effectiveness of hand pollination. 

All prospective ears were covered with paper bags before the silks 
appeared. Where hand pollination was performed, an umbrella was held 
over the shoot and to the windward while it was uncovered. Only the 
results obtained from ‘“‘d” and ‘e” will be reported upon at this time. In 
all but ‘“‘b,” the silks used were three inches or more in length and in fresh 
condition. 

The work under ‘“d” was divided into four parts: d'. The silks of 
Reid’s Yellow Dent, a yellow variety, were pollenized with pollen from 
Boone County White, a white variety. Fairly well filled ears were ob- 
tained. The kernels had yellow bodies and almost uniformly whitish 
crowns. A few kernels were yellow throughout. The character of the 
kernel and ear, other than color, was uninfluenced. 

d’*. The silks of Reid’s Yellow Dent were pollenized with pollen from 
Stowell’s Evergreen, a sweet corn, whitish in color and having wrinkled 
kernels when mature. Fairly well filled ears were obtained. but the char- 
acter of the ear and kernel was unchanged. The only variation noticeable 
was a somewhat broader kernel, but such variation might occur without the 
effect of crossing. » 

d*. Reid’s Yellow Dent was pollenized with pollen from a speckled 
variety. None of the kernels was speckled. A few had whitish crowns. 
Otherwise no change. 
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It should be said in this connection that the tassels from which the 
pollen was obtained were plucked in the afternoon and mailed in an en- 
velope from Galveston, Ind., in the evening and used the next morning at 
Lafayette, Ind. The fertilization was not so complete as in other cases 
of hand pollination. 

dad‘. The silks of Boone County White were pollenized with pollen 
from Reid’s Yellow Dent. Well filled ears were obtained. The kernels 
had uniformly yellowish bodies and white crowns. The kernels were 
shorter than the usual Boone County White kernel, but this may have 
been due to the extreme dry weather of the season. In all other ways the 
character of the ear was unchanged. 

The work under “e” was divided into three parts. 

e'. Two five ear lots were pollenized with pollen 24 hours old. To 
obtain this pollen tassels were plucked in the afternoon and laid on paper 
ina room. The next morning the pollen was jarred out of the ripe anthers. 
The following morning this pollen was used to pollenize the selected ears. 
With pollen 24 hours old very well filled ears were obtained. 

e*. Two five ear lots were pollenized with pollen 48 hours old, ob- 
tained as in ‘et.’ The ears obtained from this pollination were not so 
well filled, there being many vacant places, showing a failure to fertilize. 

e*. Two five ear lots were pollenized with pollen 72 hours old, ob- 
tained as in “et.” In this case practically no fertilization took place. The 
best ears had not more than 8 or 10 kernels on the cob, and the others 
only 3 or 4 kernels. 

No conclusions are offered concerning these experiments. It is pro- 
posed to repeat the experiments in 1909, also to plant the corn obtained in 


dad’, d?, d*, and ad‘, and note results. 
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Tae Kitimnc or Mustard ANd OrHER Noxious WEEDS IN THE 
Grain Fistps of SoutH Dakora. 


By E. W. OLIve. 


To the best of the writer’s remembrance, mustard, though abundant 
enough, was not considered some years back as a serious pest in Indiana 
grain fields. But throughout the great grain fields of the Northwest the 
situation is different. The traveler sees on every hand, during the month 
of June, field after field of grain absolutely yellow with the blossoms of the 
common wild mustard. The fields sown to cereals are often enormous in 
extent; it is not an uncommon sight to see a quarter-section or even a 
section sown to one crop of wheat, barley, oats or flax. Only small areas 
here and there bear what we call “cultivated crops.” Cultivation cannot 
therefore hold in check troublesome weeds as is done in the smaller farms 
of the older States. Hence the great abundance of the yellow pest through 
the older parts of the Dakotas is actually startling to a stranger from In- 
diana or Illinois. 

One large land-owner in an effort to rid his ranch of mustard, two 
years ago spent a hundred dollars in pulling the weed. A year ago he 
doubled his expenditures in this work; but had to acknowledge finally 
that it seemed as though no matter how careful and clean his methods of 
farming, for years to come he might have to continually increase his ap- 
propriation in geometrical ratio before he could ultimately hope to conquer 
the pest. 

It may be of some interest to the members of the Academy to hear a 
brief account of some of the experiments conducted by the writer during 
the past summer in trying to eradicate mustard and other weeds in grain 
fields. Similar experiments had already been performed in North Da- 
kota, Canada, Minnesota, Wisconsin, and other western States, so that 
the results obtained in South Dakota are in the main corroboratory. 

The method, in brief, is this: The grain field is carefully gone over 
with a traction spraying machine, and sprayed thoroughly with a strong 
solution (about 20 per cent.) of iron sulphate (or copperas). The ma- 
chine used in our experiments covered a swath about twenty-five feet wide 
and threw a very fine and powerful spray, under a pressure of from 80 
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to 100 pounds, directly down on to the young mustard and grain. Twenty- 
five acres were easily covered in five hours, so that under favorable con- 
ditions, 40 to 50 acres could be readily sprayed in:-one day. The spraying 
is best done when the grain and weeds are from 6 to 10 inches high, or 
just before the mustard plants begin to bloom. 

Further, it is highly important that the spraying be done during favor- 
able weather. The great importance of this will be seen when we come to 
consider the physiological side of the problem. The best time for the most 
successful work is just after the dew is off, on a bright, sunshiny day. A 
little Dakota wind aiso helps the process; but if a rain soon follows, the 
iron salt is washed off and the work comes to naught. 

Now if we keep close watch of the plants sprayed we can readily fol- 
low the various steps of the destructive action of the salt. First, the 
sulphate dries on the leaves, leaving minute, whitish flakes on the surface. 
Next, we note after two or three hours, particularly in the case of such 
succulent plants as mustard, the appearance of many seattered, more or 
less translucent, sunken areas on the leaves. The leaves by this time ap- 
pear to be somewhat wilted and the whole plant looks somewhat sick. 
Two or three hours later, close examination reveals the next step of the 
process, in the gradual blackening of the sunken areas. The microscope 
shows this to be due to the blackening of the cell contents of the shrunken 
cells. Further wilting and drying up of the leaves is soon followed, in 24 
hours or so, by their complete death. In a few days to a week, most of 
the mustard leaves have fallen off, or remain as dry, withered remnants 
on the dead stems. Occasionally a leaf may make a weak revival; or a 
plant here and there may make a futile effort at flowering and seed pro- 
duction. But if the work is thoroughly done, but few weeds survive. I 
have seen mustard so thick as to approximate 100 plants to the square 
foot, all totally destroyed by effective spraying. 

After following the above description of the various steps in the ap- 
pearance of a sprayed leaf the interpretation of the physiological action 
of the sulphate seems clear. First, the salt drying in minute flakes on 
the surface of the leaf, undoubtedly acts as a strong plasmolyzing agent 
to draw the water out of the cells with which it is in immediate contact. 
Thus results the scattered, translucent, sunken areas, merely from plas- 
molysis of those regions by the overlying salt. This plasmolysis is par- 
ticularly striking in the case of the ragweed, which responds to the action 
of the sulphate even more quickly than does mustard or other weeds in- 
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vestigated. A sprayed solution of common salt apparently acts likewise, 
first as a strongly plasmolyzing agent, but its action is even quicker than 
that of the sulphate, plasmolysis resulting even in from 10 to 15 minutes 
after the application of the spray. Wilting of the entire leaf soon follows, 
due to general withdrawal of water, to be succeeded in a few hours by 
the blackening of the protoplasm of the plasmolyzed cells. This blacken- 
ing is quite probably due to the formation of sulphides by the union of 
the absorbed iron sulphate with the protoplasm. After the use of common 
salt, on the other hand, the plasmolyzed spots turn reddish brown; possi- 
bly chlorides of some sort, formed in the killed protoplasm, may be re- 
sponsible for the color in this instance. 

It seems clear, then, that the action of the salts in killing the weeds 
in these experiments is due primarily to their osmotic properties rather 
than to their toxic properties; although it may well be that chemical action 
also may enter in after the first steps in the process and may contribute 
toward the death of the plants. 

One of the most interesting sides of the whole problem of spraying 
for weed destruction is the fact that while mustard, ragweed and most 
other common weeds are for the most part totally destroyed, the wheat, 
oats, flax, etc., are themselves but little injured. This sounds almost un- 
believable—much like a patent medicine advertisement, in fact. But it 
is nevertheless true that the grain soon recovers from the effects of the 
treatment; and further, Prof. Bolley’s statement seems true, that the 
sprayed field often yields as much as one-third more grain than the un- 
sprayed. 

A little examination of the sprayed field soon shows to what the 
grasses and grains owe their peculiar protection from serious injury. It 
is true that the tips of the young wheat leaves are blackened and killed; 
but it will be remembered that, when the plants are only six inches to a 
foot in height, the bases of most of the leaves are amply protected, en- 
wrapped within the sheaths and lower leaves. Their freedom from injury 
arises, therefore, in the main from the method of indeterminate growth 
of grains and grasses. The waxy bloom which covers flax and many of 
the grains must also contribute considerabte protection against injury. 
since the minute droplets of salt solution do not adhere readily to such a 
surface. 
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THe Mrver Mouecunar WricHt CALCULATION. 


By Percy N. EVANS. 


In the Victor Meyer method of determining molecular weights of 
vaporizable substances, as usually carried out, the material is converted 
into vapor at the bottom of the inner tube, the latter being kept at a con- 
stant temperature at least twenty degrees above the boiling point of the 
substance by keeping a suitable liquid in the outer jacket steadily boiling. 
When the vaporizing occurs, a quantity of air equal to the increase in vol- 
ume is forced out from the upper part of the inner tube, through the lateral 
capillary, and collected over water in a eudiometer. It is assumed that 
this increase in total volume is the volume of the vapor; it would be more 
correct to deduct from this volume that of the original liquid, but failure 
to do so introduces an error of usually only one part in two hundred or 
more, and this may be considered negligible in view of unavoidable ex- 
perimental inaccuracies. 

In passing from the heated tube to the eudiometer the temperature 
of the air changes to that of the room, with a corresponding volume 
change; it is assumed that the vapor would undergo the same change in 
voiume if reduced to the same temperature without condensation, since 
all gases and vapors show a hearly identical behavior with changes in 
temperature. 

After passing into the eudiometer the air is saturated with water 
vapor. If the air in the inner tube at the beginning of the experiment 
is already saturated with moisture at room temperature no change in 
the degree of moistness results, and hence no change in volume due to 
this cause. It would therefore be incorrect in calculating the volume of 
air under standard conditions to deduct from the observed barometer read- 
ing the tension of aqueous vapor. 

If, on the other hand, the air in the apparatus had been perfectly 
dry its volume is increased by its becoming saturated with moisture, and 
this should be allowed for by deducting the tension of aqueous vapor from 
the barometer reading. 


If, lastly, the air in the apparatus at the beginning of the experiment 
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is neither saturated at room temperature nor perfectly dry, the change 
in the degree of moistness of the air on becoming saturated is what the 
air originally lacked of being saturated. The appropriate correction to 
introduce is that fraction of the tension of aqueous vapor for the room 
temperature which it lacked of saturation. Suppose the apparatus was 
originally filled with the air of the room, and that it was forty per cent. 
saturated at room temperature, sixty one-hundredths of the tension of 
aqueous vapor is the number to be subtracted from the observed barometer 
100 —H 
100 
barometer reading, H is the hygrometer reading in per cent., and w is 


reading; the corrected reading is B — w, in which B is the 


the tension of aqueous vapor for the room temperature. 

Nearly all works accessible to the author give such directions for the 
manipulation as involve the use of the air of the room in the inner tube, 
yet give for the calculation the correction B-w. The error introduced in 
this way would be greatest if the air were saturated with moisture, and 
would then amount at a room temperature of 20 deg. C. to 17 in approxi- 
mately 760, or 1 in about 45, and this condition is closely approached in 
damp, warm weather. Omitting the correction altogether when the air 
used is nearly dry gives an equal error in the opposite direction, approxi- 
mated in very cold weather. 

A quite appreciable error, then, may be avoided and the calculation 
made more nearly correct theoretically by using the correction given above. 

Of the works accessible to the author only H. Erdmann’s Anorganische 
Chemie discusses the correction, directing that if the apparatus is filled 
with a dried gas the tension of aqueous vapor should be deducted; if with 
ordinary air, no correction should be made. All other works fail to con- 
sider the point, some deducting the tension, others not, without specifying 


the conditions. 
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Renuation oF Fats tro Morsturr Content or Burter. 
By O. KF. HUNZIKER. 


IMPORTANCE OF MOISTURE CONTENT OF BUTTER. 


The two principal constituents of butter are the fats and the water. 
The average sample of butter contains about 83.5 per cent fats and 13.5 
per cent water; the remainder being made up of salt, curd, ash, sugar 
and acid. 

The more water butter contains the lower is its per cent of fats, and 
the more butter can, therefore, be made from a given amount of fats. 
It did not take the alert butter maker, the creamery operator, the com- 
mercial man very long to appreciate the financial significance of this fact. 
In many instances the process of butter making was so modified as to 
increase the per cent of moisture to the extent where as high as 180 to 
150 pounds of butter were made from 100 pounds of fats, while under 
normal conditions 100 pounds of fats yield between 116 to 122 pounds of 
butter. The result was that, up to a few years ago, the American mar- 
kets were flooded with water-soaked butter. 

Butter containing an excess of moisture is inferior in quality; its 
keeping quality is poor and its food value is low. So, in order to save the 
butter industry of the country from certain ruin and to protect the con- 
sumer from buying his drinking water in the form of water-soaked butter, 
a law was passed by act of Congress in 1902 and revised in 1904, classify- 
ing as adulterated butter all butter containing 16 per cent or more of 
water and placing a fine of 10 cents per pound ef butter and a special tax 
of $50 per month on the manufacturer of adulterated butter. 

When this law was put in force by the Internal Revenue Department 
it was found that, in certain localities and at certain seasons of- the year 
butter makers experienced difficulties in keeping the moisture content 
below the legal maximum of 16 per cent, and the question naturally arose 
as to the practicability and justice of this standard and as to the ad- 
visability of modifying it. 
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HXPERIMENTS CONCHRNING THE FACTORS INFLUENCING THE 
MOISTURE CONTENT OF BUTTER. 

Accurate data concerning the moisture content of butter were meager, 
and it seemed obvious that this question could be satisfactorily settled 
only by means of careful experiments. So, about two years ago, the Dairy 
Department at Purdue University started investigations concerning the 
variations of the moisture content of butter and the causes of these 
rariations. 

Analyses of butter of the Purdue Creamery and of about 30 creameries 
in the State showed that in spring and early summer there was a -rapid 
and decided increase in the per cent of water in butter. Analyses of the 
composition of the butter fats in the same butter showed a decided in- 
crease in the per cent of volatile and soft fats (fats of a low melting 
point) and a corresponding decrease in the per cent of hard fats in spring 
and early summer. 

These results suggested the possibility that the composition of the 
fats may, in a measure, control the per cent of moisture incorporated in 
butter. On the strength of this assumption the pure butter fat was ex- 
tracted from various lots of butter, and by means of fractional crystalliza- 
tion at different temperatures the soft and the hard fats were separated 
from one another as completely as was possible with this method. The 
two classes of fats were then churned separately and under identical con- 
ditions as to the moisture present and temperature. The analyses of these 
churnings showed that the butter made from the soft fats contained about 
50 per cent more water than the butter made from the hard fats. 

The uniformity of the results of repeated experiments justified the 
conclusion that, other conditions being equal, the relation of soft to hard 


fats controlled the moisture content of butter. 


HXPHERIMENTS CONCERNING THE CAUSES OF VARIATIONS IN 
THE PER CENT OF VOLATILE, SOFT AND HARD FATS. 


The results just described naturally lead to the question, What are 
the causes underlying the variation in the proportion of soft and hard 
fats? 

It is an established fact that certain feeds, when fed in excess, have 
a tendency to produce an excess of soft or hard fats in butter. Thus. 


for instance, cotton-seed meal, bran, corn, overripe fodders, ete., tend to 
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increase the per cent of hard fats, while linseed meal, gluten feeds, succu- 
lent pasture grasses, etc., are conducive to raising the per cent of soft fats. 
It is by no means established, however, that the feed is the only nor even 
the chief factor controlling the proportion of fats in milk. Thus at the 
time when the soft fats increase in milk and butter produced in this sec- 
tion of the country most of the cows are fresh, and it is quite possible 
that the period of lactation exerts an important influence on the fats. 
It was, therefore, deemed expedient to investigate in how far the period 
of lactation does affect the fats in milk. 

Three cows of the university herd were selected and fed during their 
respective periods of lactation on an uniform ration, evading such feeds 
as would tend to materially influence the hard or soft fats. The milk 
from each cow was separated, the cream ripened and churned separately, 
and the butter analyzed for volatile, soft and hard fats. 

The generally accepted classification of milk fats is as follows: 


: a. volatile or soluble fatty acids. 
Glycerides of { b. insoluble fatty acids. 


The glycerides of the insoluble fatty acids are subdivided into hard 
and soft fats. The dairy literature, in dealing with the soft fats and 
their relaticn to the melting point of butter, gives consideration to the 
glycerides of the insoluble fatty acids alone. Inasmuch as the glycerides 
of the volatile or soluble fatty acids have a very low melting point as 
compared with that of insoluble fats, a comparatively slight change in 
the per cent of the volatile fatty acids must greatly influence the hardness 
or softness, as well as the melting point of butter. In determining the 
variations of the soft fats in butter it is necessary. therefore, to take into 
consideration the soluble as well as the insoluble fats. 

The following charts show the results of analyses of butter made 
from the milk of the three cows under experiment: 
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SHOWING THE EFFRCT OF THE PERIOD OF LACTATION ON THE MILK FATS. 


Tani 1.--Cows 1 ANp 2. 


TIME. Mee Soluble Insoluble Iodine Melting 
i Acids. Acids. Number. Point. 
Number. 
LSHEMONt eee eee ane : 32.41 7.39 87.26 29.96 36.2 
Damon thee Merle a yee eae 29.48 7.07 87.99 30.05 36.1 
Sdimmonthyeyy sce eee one tae eee 29.95 7.08 87.90 29.98 36.4 
At MONT eee eee EEE. 29.97 7.11 87.72 50.16 36.3 
hEhmon thtsyson vase eta Sees teh eee 29.56 7.00 87.72 31.88 35.9 
Gthemon thee arya eer 29.21 6.82 88.19 34.54 34.4 
tb pMonthve ene meic nse he eae eae 28 .06 6.45 88.4 36.15 35.0 
Sthymonth@ese eee eee 25.32 5.84 88.6 38 .20 25.4 
Othnnonthaace eee cee 25.45 6.01 88.5 36.4 35.5 
LOth;monthpes eee eee rees 27.45 6.26 88.1 34.21 34.2 
Tas.e II.—Cow 3. 
SHOWING EFFECT OF THE PERIOD OF LACTATION ON THE MILK FATS. 
TIME Lee Soluble Insoluble Iodine Melting 
oe Acids. Acids. Number. Point 
Numbet. 

stemontheetson ah nee acer 36.68 %.20 86.76 34.20 34.1 
DAMMOnth nearness inn 35.75 8.09 86.74 34.25 34.2 
Baniinonthsneee oe ne ee ae 33.19 7.59 86.99 | 33.36 34.3 
Cin WOMMNN, 4s c¢ncuedeaoobosendeneacds 33.80 7.56 86.95 | 33.83 34.0 
5themon theory ae cece eee 33.63 7AT 87.10 | 32.73 33.5 
G6thhmonthyrs eae eee eee 33.57 7.55 86.94 | 31.02 oboe 
7thomon thers ane arre is eae ee 32.72 7.49 86.99 | 33.32 34.0 
Sthemont heres eee Me eae 31.63 e2o 87.41 33.59 33.92 
ON MOMS -sobconn sacs ee atainvs 31.98 7.10 87.50 34.05 33.9 
1 Ochimon theese eee ee eer 32.03 7.12 87.46 | 33.22 33.8 
dtithsmonthwes sate eer ese 26 .64 6.50 88.20 35.8 34.5 
i 2thymonth:ey cere er ee 30.48 6.86 87.69 32.05 34.3 
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These charts bring out the following facts: 


1. The Reichert-Meissl number and the per cent of soluble fatty acids 
were highest at the beginning of the period of lactation; slight irregu- 
larities excepted, they decreased as the period of lactation advanced and 
were lowest towards the close of the period of lactation. 


2. The insoluble fatty acids were lowest at the beginning, gradually 
increasing during and were highest at the end of the period of lactation. 

3. The fact that the Reichert-Meiss] Number, the soluble and the 
insoluble fatty acids bear a definite relation to one another shows clearly 
that the per cent of soluble and insoluble acids is affected by the period 
of lactation, and that the soluble acids decrease while the insoluble acids 
increase as the period of lactation advances. 

4. The results concerning the iodine number are irregular, and, con- 
sidering the relatively small number of data, do not warrant the drawing 
of definite conclusions as to the effect of the period of lactation on the 
per cent of olein in butter. 

5. The relation of the per cent of soluble fats and olein to the melt- 
ing point emphasizes that the olein is not the only factor controlling the 
melting point or softness of butter, but that the volatile or soluble fats 
play a part in the determination of the softness of butter. 
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Tur Use or THe Powariscopr In Testing High TENsIon 
INSULATORS. 


By C. FRANCIS HARDING. 


It has long been known that glass internally strained, when placed 
in a polariscope in the path of polarized light produces upon the screen 
a chromatic effect, and that the colors thus produced rotate across the 
field as the analyzer of the polariscope is rotated. If, however, this 
peculiarity of glass has ever been put to practical use along engineering 
lines, such usage has not been common and its results have not been made 
accessible. 

Without going deeply into the theory of the action of polarized light 
upon crystalline bodies or the similar phenomenon produced by the action 
of polarized light upon the imaginary planes into which the molecules are 
forced to arrange themselves within glass subjected to internal stresses, 
the writer has found the above mentioned color rotation in glass which 
is internally strained of the utmost value in testing glass insulators. Any 
ordinary piece of glass which shows no color rotation in the polariscope, 
when compressed in a vise or Clamp and subjected again to the polarized 
light test exhibits streaks of purple and brown radiating from the points 
where the pressure is applied. The greater the pressure the brighter and 
more far-reaching the color effects seem to be, and when the analyzer is 
turned each color field seems to rotate about the point of application of the 
compressing force as a center. Similarly if a piece of ordinary glass 
showing no such effect be heated to a molten state and allowed to cool 
suddenly, the internal stresses due to irregular and unequal cooling will 
produce similar color rotation upon the screen. 

With these facts at hand, several high tension glass insulators of 
different makes designed for a 33,000 volt transmission line were sub- 
jected to the polarized light test. Those of the No. 1 type, manufactured 
by one company, showed no color rotation in any portion, while those of 
type No. 2, designed and manufactured by another company for the same 
service, showed very marked effects. Some of the latter showed results 
more marked than others. In some the principal peculiarity noticeable 
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was the lack of uniform darkening and lighting of the entire field projected 
upon the screen as the analyzer was turned; while in others, especially 
in those that were whole, bright streaks of violet, purple and brown were 
seen, and found to rotate as the analyzer was rotated. In some cases 
these colored streaks were radial, and in still others they formed con- 
centric rings about the knob of the insulator as a center. In order 
to prove more conelusively that these phenomena were caused by internal 
stresses, which were in turn produced by poor annealing, a portion of in- 
sulator No. 1, which showed no initial color rotation, was poorly annealed, 
and when tested again in the polariscope the color rotation effect was 
found to have been introduced. Conversely when a portion of insulator 
No. 2 was properly annealed the color rotation initially present was found 
to have disappeared. 

The insulators which were first tested were those which had actually 
broken while in service upon the line, the parts of which were found on 
the ground near the poles where they were formerly installed. When 
later whole insulators of the same lot were tested it was found that in 
the latter the stresses were much more marked than in the broken parts. 
This fact caused the writer to suspect that some of the internal stresses 
produced by poor annealing were relieved by the breaking of the insulator, 
and to test this belief a whole insulator showing very marked color rota- 
tion was broken and the various parts placed in the polariscope for in- 
spection. It was found that in spite of the fact that the same portion of 
the insulator which showed the most marked stresses was used when 
broken out, practicaliy all the color rotation Lad been eliminated, although 
the stresses were still present to a less degree in the remainder of the 
insulator. In turn each quadrant of the umbrella of the insulator was 
breken out, and in each case the stresses were found to have been either 
reduced to a minimum or entirely eliminated. A further proof of the poor 
annealing was found in the fact that in insulators where the greatest 
stresses were present the umbrella shivered to bits when broken; while 
from insulators showing lesser stresses a whole quadrant could be broken 
out in a single piece. 

Although it is very probable that insulators which are improperly 
annealed fail in service because of sudden temperature changes due to the 
weather and leakage of current over their surface, it seemed advisable to 
show, if possible, what effect, if any, the internal stresses had upon the 
mechanical strength of the insulator in order to determine whether the 


149 


possible unequal strain from the line wire could be considered a cause 
fer breakage. Only four whole insulators were available for this test, 
two of which had marked internal stresses, while in the other two the 
stresses were almost negligible. The insulators were broken.by placing 
them upon an iron pin as in service and by exerting a strain upon them 
in the direction of the line wire. One insulator which was poorly an- 
nealed broke at 960 pounds, while the others failed at 1,890, 1,675 and 
2,220 pounds respectively, the latter being one which was also poorly an- 
nealed. While this test did not show very conclusively that the poorly 
annealed insulators were weak mechanically, it is believed that if the 
pull in the latter case, could have been in such a direction as to cause the 
insulator to break along strained internal planes as was probably the case 
in the first test, the latter insulator as well would have been found to 
have been weak mechanically. For conclusive evidence of this fact, how- 
ever, a much larger number of tests should be available. 

It will be seen from the foregoing, therefore, that a very practical 
use has been made of the phenomenon which has so long been only an in- 
teresting physical experiment. With the aid of the polariscope it is not 
only possible to determine some of the causes for the unsatisfactory service 
given by certain glass insulators, but it is also possible to make preliminary 
acceptance tests upon new insulators and to eliminate all of those which 
show signs of improper annealing and which for this reason would be un- 
desirable for installation where they must be subjected, not only to severe 
electrical and mechanical strains, but also to vibration and sudden tem- 
perature changes. Although porcelain is rapidly supplanting glass for 
high tension insulators, it is expected that this method of test will be used 
in the future to advantage and that it will prove of equal, if not greater 


value, than it has in this particular instance. 
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Some ContTRIBUTIONS TO THE CHEMISTRY OF Mucor. 
By CLARENCE HW. May. 


In Physiological Chemistry, one meets with a proteid that has been 
receiving more or less attention for several years past. This proteid is 
classed among the glyco-albumins and occurs especially in ligaments and 
tendons. Heretofore, the main problem connected with the chemistry of 
this substance or group of very closely related substances, as the case may 
be, has been the quantitative separation of the mucoid from mixtures of 
albumin such as blood and egg albumin, and mucoid. The usual method 
of separation has been to boil the neutral solution of true albumin and 
mucoid, thereby coagulating the blood or egg albumin and leaving the mu- 
coid in the filtrate. By acidifying the filtrate, it yielded the mucoid as a 
flocculent precipitate which could be filtered and then weighed. 

The purpose of this work was to ascertain first, whether mucoid was 
completely precipitated by the addition of a slight excess of dilute acid 
to the mucoid solution (the solvent being half-saturated lime water). 
Secondly, we wished to find out whether albuniins were precipitated from 
a mixture of albumin and mucoid, by acidifying the mixture in the cold. 
Thirdly, we wished to ascertain whether mucoid coagulated by being boiled 
in a neutral solution in the presence of neutral salts. And lastly, we wished 
to see whether the various precipitations of the mucoid sample showed any 
differences in nitrogen content; in other words we desired to examine the 
homogeneity of the various acid precipitates. 

The mucoid used was from several beef tendons (Achilles), and was 
prepared by removing all water-soluble proteids by careful washing of the 
tendons in tap water. The tendons were then cut into thin slices trans- 
versly and again thoroughly washed with cold water. The next treatment 
was to allow the slices of tendon to extract with half-saturated lime water 
for a day. This extract was filtered and made slightly acid with .2 per 
eent. hydrochloric acid, using litmus paper as indicator. The solution, 
with a casein-like precipitate was allowed to stand a shert time when the 
precipitate flocked together and settled to the bottom of the container, leav- 


ing a perfectly clear supernatant liquid. 


The ‘filtered residue was dissolved in half-saturated lime water, fil- 
tered through silk and again precipitated with an excess of .2 per cent. 
HCl. This precipitation and solution alternation was continued until the 
eighth precipitation, when this precipitate wus filtered by decantation 
and the residue was thoroughly dried by standing with absolute alcohol. 
The powdery white precipitate was carefully filtered and pulverized, then 
further dried at 100-105° C. for several hours. The bottled sample so ob- 
tained was used in this set of experiments. 

In the study of the complete precipitability of tendon-mucoid by means 
of dilute HCl, a definite amount (2 grams). of the dried sample was 
weighed and dissolved in a mortar with the least quantity of. half-satu- 
‘ated lime water necessary, about 300cc. The solution was then filtered 
through silk and by means of a pipette, equal portions of the filtrate were 
removed to respective beakers and were precipitated by varying amounts 
of acid. This phase of the acid precipitation was subdivided into a study 
of the effect of dilution of the mucoid and. the effect of the use of varying 
amounts of acid. In each case duplicate checks were carried along on the 
amount of actual mucoid present and precipitable under the most favorable 
conditions. In every instance the mucoid precipitated by the acid was 
filtered on: weighed papers, dried at 105° C. for several hours and weighed 
on the paper. The paper and mucoid were then ashed and the ash deducted 
from the original weight on the paper. The acid filtrates, usually about 
250ce. in voiunme, -were poured into about five liters of strong alcohol, al- 
lowed to stand 24-36 hours and filtered on weighed papers. The precipi- 
tates were washed with strong alcohol, dried and weighed; the precipitates 
and papers were burned respectively, and the ash, ranging from a few 
tenths of a milligram to a hundred milligrams, was deducted in order to 
get a value for ash-free mucoid material. 

As results of an extended. investigation of the deportment of mucoid 
in a half-saturated lime water solution, with .2 per cent. HCl, it was found 
that not all the mucoid was precipitated under the best conditions. There 
was always 10 to 20 per cent. of the mucoid precipitated by the strong 
alcohol treatment and part, perhaps 8 to 10 per cent. of the original mucoid, 
was not precipitated by the acid nor alcohol treatment. It was found that 
the more concentrated the solution of mucoid, the more complete was the 
precipitation. The weaker the final acidity of the solution was with .2 
per cent. HCl, the less complete the precipitation. ‘The best results were 
obtained with a half-saturated lime water solution saturated with the 


153 


mucoid sample (about a 2 per cent. solution), the mixture diluted slightly 
and made acid enough to turn fresh litmus paper red immediately. This 
treatment yielded a solution that filtered readily (an item of vast import- 
ance with mucoid and other gelatinous solutions), that washed rapidly 
and gave a filtrate yielding the minimum quantity of mucoid with strong 
alcohol treatment. With the use of acetic acid instead of HCl, much 
more acid was required to precipitate any mucoid at all, and with an 
excess of acetic acid the results were very unsatisfactory, much more than 
with even a little dilute HCl. 

In testing the action of dilute acid on a mixture of albumin and mu- 
coid, the details were as follows: A standard solution of mucoid was 
made and equal amounts of the alkaline solution were placed in each of 
several beakers. The actual amount of mucoid added to each beaker was 
determined by duplicate checks. To the various beakers containing equal 
amounts of mucoid diluted to the same volume, varying amounts of meat 
extract were added. The meat extract was made in the laboratory by ex- 
tracting fresh meat with cold water and filtering the proteid-bearing solu- 
tion through silk. Duplicates were run on the meat extract and also on 
each of the mixtures of meat extract and mucoid. For preciptation, the 
same acidity was maintained in each beaker using .2 per cent. HCl as the 
reagent. 

By way of results, although the meat extract alone yielded no pre- 
cipitate in the cold, it was found that when mixed with mucoid, practically 
all the mucoid and some of the albumin separated. With increased non- 
mucoid proteid content, the weight of material precipitated by .2 per cent. 
HCl likewise increased. In fact, all the precipitates from the meat ex- 
tract-mucoid mixture weighed more than the amount of mucoid which the 
solution was known to contain. All the precipitations were made in dupli- 
eate and found to check closely with each other, and each set of duplicates 
in the series varied approximately the same. By knowing the position of 
the set of duplicates in the series, one could closely approximate the ac- 
tual weight before weighing. The experiments showed that the precipi- 
tation of mucoid in the presence of albumins was inaccurate for the de- 
termination of mucoid. 

With the coagulation test for mucoid, the general opinion is that mu- 
coid does not coagulate on boiling a neutral solution in the presence of 
salts. To test this, a solution of mucoid was prepared by rubbing up 
about 10 grams mucoid in a mortar with about a liter of half-saturated 
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lime water. When complete solution was attained, the alkaline solution 
was carefully neutralized with .2 per cent. HCl. The neutral point was 
determined by litmus paper that was fresh and quite sensitive. No mu- 
coid precipitated in the neutral solution, but it was strained through silk 
for the sake of uniformity of conditions. Duplicate samples were taken to 
determine the mucoid content before heating. The major portion of the 
solution was gently boiled under a water condenser. TEvery half hour, 
about 100 ce. of the solution was removed, allowed to cool rapidly without 
any loss of water vapor, filtered and duplicate aliquot portions of the fil- 
trate were used for acid precipitation of the mucoid content. 

By way of results, it was noticed that continued boiling had a fatal 
effect on the mucoid. At first the solution became turbid. At the end of 
the first half hour’s heating, there was a nice coagulum in the solution. 
This increased gradually until about the fourth hour, when there was a 
heavy coagulum throughout the solution. During the process of continued 
heating, the solution remained neutral without the addition of any alkali 
or acid. The longer the heating continued, the more rapidly the solution 
filtered. The first few filtrates were very slightly turbid, but the tur- 
bidity gradually decreased to water-clearness in the last few filtrates. 

With regard to the filtrates, on treatment with dilute acid it was 
found that with the initial precipitations, less mucoid was recoverable 
than was obtained from the unboiled mucoid solution. The amount of 
mucoid precipitated gradually decreased as the experiment advanced and 
finally filtrates were obtained from which no mucoid could be precipitated 
with an excess of dilute acid. This was coincident with the heavy coagu- 
lum in the major portion of the solution. This experiment seemed to show 
conclusively that mucoid did coagulate on heating in the presence of neutral 
salts. It was deemed useless to try to separate a coagulable albumin from 
mucoid by this method. 

The work done in this research was carried out, using a mucoid sample 
that had been purified by solution in alkali and precipitation by acid, this 
alternation for eight times. To test whether the eighth precipitate might 
be different from the sixth or tenth precipitate, or any other precipitate in 
the series, about 20 grams dry mucoid that had been precipitated probably 
twice, were dissolved in several liters of half-saturated lime water, strained 
through silk and precipitated with a slight excess of .2 per cent. HCl. This 
was filtered, dissolved and precipitated, the whole process being repeated 
fifteen times. Samples of the fifth, tenth and fifteenth precipitate were re- 
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moved, partly dried by standing in absolute alcohol, filtered and dried in 
an oven at 105° C. Duplicate Kjeldahl nitrogen determinations were made 
on each of the respective precipitates. Hach of the six duplicates were 
found to check quite closely, thus indicating that there was nothing gained 
by the continued solution and precipitation of the mucoid. Incidentally 
it might be mentioned that there was mucoid lost at each precipitation by 
incomplete precipitation. This was evident from the fact that by most 
eareful work, starting with 20 grams mucoid, it was only possible to wind 
up with about 13 grams actual dry mucoid. 

In conclusion, it may be stated that tendon mucoid coagulates, the 
amount increasing with the duration of boiling, in the presence of neutral 
salts; that mucoid is not completely precipitated by an excess of dilute 
acid; that in a mixture of albumin and mucoid, most of the mucoid and 
part of the albumin are precipitated by dilute hydrochloric acid in excess. 

As for a remdy, nothing is offered as yet, but this work seems to show 
that the older methods are inaccurate. 

This work was carried on largely during the last year in the labora- 
tories of the College of Physicians and Surgeons, Columbia University, 
New York, where the author was associated with Dr. William J. Gies, and 
under whose supervision the details were worked out. Owing to the non- 
possession of the actual notes at present, many valuable data must be left 
out of this paper, but every statement made can be further demonstrated 
by experimental data. 
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THe Estimation or Leap By THE TrrratTion or Leap CHrRo- 
MATE. 


By W. C. Brooks. 


The first experiments were made to test the accuracy of the method: 
Weighed amounts of pure lead nitrate were dissolved in water and the lead 
was precipitated by potassium dichromate in slight excess. The lead chro- 
mate was filtered, was washed and was dissolved in hydrochloric acid. 
The resulting chromic acid was determined by adding potassium iodide 
and then by titrating the free iodine with sodium thiosulphate. The re- 


sults of several titrations are given below: 


Pb(NO,), 0.2 Na.S,O, Lead Found. 
Used. Grams. Used. cc. Per cent. Error. 
0.1 18.15 62.56 +0.05 
0.1 18.15 62.56 +0.05 
0.2 36.35 §2.60 +0.09 
0.2 36.3 62.55 +0.04 


A method for the estimation of lead in ores was worked out from 
these results. Weigh out 0.2 gms. of the ore, dissolve in 10 to 15 ce. of 
nitric acid and evaporate almost to dryness. Add 50 cc. of water and 5 
gms. of ammonium acetate and heat to boiling. Precipitate the lead from 
the boiling solution with a slight excess of potassium dichromate. Filter, 
wash and dissolve the precipitate with 20 cc. of 1:1 hydrochloric acid, the 
solution being received into the original beaker. Dilute the solution and 
washings to 150 cc., add 0.3 to 0.5 gms. of potassium iodide and titrate the 
iodine that is liberated with sodium thiosulphate. 

The only element that has been found to interfere with this method is 
barium, which gives high results. Experiments are being carried on to 
obtain a simple means of removing this metal. Although the work upon 
this method is not complete, it promises to become an accurate and a rapid 
means for the estimation of lead in the presence of all of the common 
elements. 
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Aw Evouution MErHop FoR THE DETERMINATION OF SULFUR 
IN SULFIDES AND SULFATES. 


By FRANK C. MATHERS. 


The object of this research was to devise a rapid method for the 
estimation of sulfur in sulfates and sulfides, especially in the presence of 
such elements as molybdenum, which interfere with the precipitation of 
barium sulfate. The idea was to heat the material with some metal which 
would reduce all of the oxidized sulfur and then combine with it to form 
a sulfide. The rest of the method would coincide with the ordinary volu- 
metric evolution method for sulfur in iron and steel. 

Powdered potassium sulfate, containing 18.389 per cent. of sulfur, was 
used in these experiments. In each experiment, 0.2 gm. of the potassium 
sulfate was thoroughly mixed with the reducing metal and was placed in 
a crucible which was heated. Experiments with zinc dust as a reducing 
agent showed that it was impossible to reduce all of the sulfate at low tem- 
peratures and that at higher temperatures some sulfur was lost by volatili- 
zation along with the zinc. 


Gms. of Zn Percent. of S Percent. of S in 
Used. Temperature. Evolved. the Residue. 
3.0 Bunsen burner, 5 minutes. 17.05 0.64 
3.0 Blast, 5 minutes. 17.20 0.11 


The use of a mixture of zine and aluminum gave still poorer results. 
The addition of bases such as calcium oxide, calcium carbonate, sodium 
carbonate, or magnesium oxide were without beneficial effects. The use 
of some charcoal did not help. 

Magnesium turnings gave the best results. To protect the porcelain 
crucibles, they were partly filled with 1.5 gms. of magnesium oxide and a 
cavity was made in this with the end of a test tube. The charge was placed 
in this cavity and was covered with 0.5 gm. of magnesium oxide. The por- 


celain crucibles, with well fitting lids, were heated for 5 minutes with a 
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Bunsen flame. A number of good results were obtained. Small amounts of 
sulfur remain in the residue in the evolution flask. The amount is appar- 
ently not constant and varies from 0.3 to 0.5 per cent. 

These preliminary experiments have so far been just successful enough 
to encourage hope and eall forth more work. 


eS —— 
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Tur Destruction of Puatinum CrucisLes THROUGH THE 
Ienition oF Maanestum AMMONIUM PHOSPHATE. 


By Rosert EH. Lyons. 


Platinum is not oxidized in the air at any temperature, nor attacked 
by any single acid, yet there are many substances that attack and combine 
with it at comparatively low temperatures. 

It sometimes happens that a platinum crucible is cracked or is fused 
through during the burning of the filter paper containing magnesium am- 
monium phosphate, or @uring the final ignition required to convert mag- 
nesium ammonium phosphate into magnesium pyrophosphate. This has 
again and again been a source of annoyance and expense to the phosphate 
analyst. The break down of the crucible is not due to invisible mechanical 
defects in the crucible, nor to the quality of the platinum or platinum al- 
loy used in its construction. The cause of these occasional accidents is to 
be found in the reduction of the phosphate through incorrect procedure in 
burning or igniting the paper in connection with the precipitate, or, indi- 
rectly and less frequently, by failure to observe the well-established condi- 
tions for properly precipitating and washing magnesium ammonium phos- 
phate. 

The direction for the treatment of the magnesium ammonium phos- 
phate residue given in the texts and handbooks, at the disposal of the 
writer, is by no means sufficient to enable the inexperienced operator to 
safely use a platinum vessel in this operation. The notes on the use and 
care of platinum ware, published by Baker & Co., Heraeus and other 
platinum smiths, do not suggest the possibility of a mishap from the igni- 
tion of magnesium ammonium phosphate in a platinum crucible. The notes 
furnished by the Baker Co. have long contained the statement: “Organic 
matter containing phosphorous should not be ignited in platinum dishes, 
as it affects the platinum seriously.” This ‘serious affect” is the Same as 
that noticed occasionally in connection with the ignition of magnesium 
ammonium phosphate in platinum crucibles, and is caused by the combina- 
tion of reduced phosphorous with the platinum, forming platinum phosphide. 
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The reduced phosphorous unites with platinum even at a dull red heat 
(600° C.). 

The external appearances of a crucible which has suffered such an 
attack are characteristic. Cracks of varying length appear, usually in the 
bottem, but sometimes in the sides; the fractured surfaces are distinctly 
crystalline; the edges of the fractures are usually raised and puffed and 
at times present unmistakable signs of fusion. 

Reduced phosphorous, the immediate cause of the destruction of the 
crucible, may be accounted for by inquiry into the nature, the origin and 
the conditions governing the deportment of reducing agents which could 
act upon magnesium ammonium phosphate during the processes of incin- 
eration and ignition. : 

The reduction of the phosphate may be due to any or all of the fol- 
lowing: 

1. Carbon from the imperfectly ashed filter paper. 

2. Ammonia liberated by heat from magnesium ammonium phos- 
phate, or from sodium ammonium phosphate, or ammonium phosphate, 
which may be present in abnormal amount in the magnesium precipitate. 

3. Hydrogen from the dissociation of ammonia at the high tempera- 
ture, and also from the incomplete combustion zone of the gas flame by 
diffusion through the platinum crucible. 

The reduction of magnesium pyrophosphate by carbon begins at 950° 
Cent. and becomes violent at 1,100 to 1,200° Cent.t The reduction by 
hydrogen begins somewhat below 900° Cent.t Dry ammonia gas passed 
over Magnesium pyrophosphate heated to 950° Cent. yields phosphine and 
red phosphorous. The destruction of the platinum vessel is most rapid 
when the residue contains free ammonium phosphate, which upon fusion 
yields most of its ammonia and meta-phosphoric acid. Ammonium phos- 
phate heated in a covered platinum crucible to 7T00-800° Cent. causes com- 
plete destruction of the vessel. Holes appear in the bottom and sides, and 
the lid may fuse. The quantity of ammonia from the magnesium am- 
monium phosphate, which has been properly prepared, will prove destruc- 
tive only under especially unfavorable conditions, e. g. very rapid heating 
of the phosphate to a high temperature. 

Strict observance of the following summarized suggestions will insure 
the safety of the platinum crucible in the ignition of magnesium ammonium 
phosphate : 


Zeitsch. f. angew. Ch. 


163 


1. Precipitate the magnesium with sodium hydrogen phosphate, or 
with ammonium sodium hydrogen phosphate, rather than with ammonium 
phosphate. 

2. Do not neglect to wash the precipitate with water containing one- 
fourth its volume of conc. ammonium hydroxide until the washings show 
but a faint turbidity with silver nitrate acidified with nitric acid. If 
ammonium phosphate is present thorough washing is particularly im- 
portant. 

3. Remove the main portion of the residue from the paper before in 
cinerating. or burn the paper with a small residue, in the crucible, over a 
very small Bunsen flame. This may be quickly accomplished in a draught 
produced by tilting the l?d of the crucible. Do not ignite strongly nor heat 
to the fusing point of the phosphate until the material in the crucible is 
white (carbon free). If the ashing of the paper has been imperfect, allow 
the crucible te cool, moisten the residue with a few drops of conc. nitric 
acid, cover the crucible with the lid, carefully evaporate the acid and heat 
again in the Bunsen flame. The process must be repeated until the residue 
becomes white. 

4. To the residue in the crucible add the main portion of the pre- 
cipitate and heat in the Bunsen flame gently at first, or until the greater 
part of the ammonia has been expelled, then heat strongly in the blast 
flame until the material ceases to decrease in weight. 
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A PropaBLe OriIciIn or THE NumMpRoUS DEPRESSIONS IN THE 
Mesa Sours or THE Arroyo ForMED BY THE OUTLET 
or T1sERAS CANYON 1N THE Sanpias NEAR 
ALBUQUERQUE, New Mexico. 


By Apert B. REAGAN. 


The occurrence of numerous slight depressions, thickly distributed 
over the mesa south of Tijeras arroyo on the east side of the Rio Grande, 
south of Albuquerque, New Mexico, is very noticeable. These were ob- 
served to be rarely more than five yards across and commonly from eighteen 
inches to two feet in depth and are provided with a raised border. They 
resemble buffalo wallows very much; but are too abundant and their dis- 
tribution is too general. The stratum in which they are indented is a very 
loose, unlithified formation, superimposed upon the Albuquerque Marl,* a 
calcareous deposit some six feet in thickness. 

The depressions extend in depth to this marl stratum and seem to hold 
water. 

These depressions seem to be the “blowouts” of mud upheavels. They 
seem to have been formed at the time the Albuquerque marl was in a semi- 
fluid state. The loose unlithified stratum that is superimposed upon the 
marl was washed down from the Sandias onto the area faster than the 
marl could harden or “ereep” from its advance over the bottom of the 
then Albuquerque lake which occupied the Rio Grande embayment at that 
point. As a result of the pressure caused by the superincumbent weight, 
mud lumps formed in size proportionate to the pressure, like those now 
forming in the Mississippi Delta.** And like those of the Southeast Pass 
of that delta, they coilapsed on reaching the mature stage, leaving a small 
pit surrounded by a raised ring. Thus the mud lump, “blowout” theory 
seems to explain the origin of the depressions. 


*C. L. Herrick. The Geology of the Environs of Albuquerque, New Mexico. Amer- 
ican Geologist, Vol. XXII, pp. 29-33. 


**« Hi. W. Hilgard. The Exceptional Nature and Genesis of the Mississippi Delta. 
Science, Vol. xxiv, pp. 861-966. 
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Tar Hrapwaters or THE TIPPECANOE River. 
By J. VT. Scovett. 


The Wabash is the great river of Indiana. It rises in Ohio, flows 
westerly across Indiana, then southerly along the western boundary of the 
State into the Ohio River. The Tippecanoe River is the chief tributary of 
the Wabash from the north. 

The Tippecanoe has its sources in two groups of lakes situated in the 
southwestern part of Noble County and in the northern part of Whitley 
County, Indiana. 

Crane Lake and Crooked Lake, through short outlets, flow into Big or 
Tippecanoe Lake. Goose Lake, New Lake and Old Lake flow into Loon 
Lake. The outlet of Tippecanoe Lake flows westerly and northerly about 
two miles, where it joins the outlet of Loon Lake, forming Tippecanoe 
River. This stream flows northwesterly about five miles into Smalley 
Lake, and thence westerly 144 miles into Baughner Lake, thence south of 
west through marshes and ponds 144 miles into a mill-pond, called “the 
Dam; thence northwesterly through Kaiser Lake, the Backwater and 
the Channel about 34% miles into Boydstone Lake, in the eastern part of 
Kosciusko County; thence westerly about two miles into Tippecanoe Lake, 
of Kosciusko County. 

Through the greater part of this distance there is quite a distinct 
valley. It varies greatly in width and in the hight and steepness of its 
bluffs. This valley, these lakes and ponds, the marshes and connecting 
streams are in or on a mass of glacial materials that was probably de- 
posited from the Hrie Lobe of the continental ice sheet. These materials 
help to form what Frank Leverett calls the Mississinewa Moraine. This 
moraine extends from White County northwesterly to Steuben County. It 
covers Noble County and large parts of Steuben, Lagrange, Dekalb, Whit- 
ley, Kosciusko, Fulton, Wabash, Miami, Cass and White counties. It in- 
cludes the northern portion of Dr. C. R. Dryer’s Mississinewa—EKel Mo- 
raine. 

Dr. Dryer says “it is an irregular, variously undulating pile of clay, 
sand, grayel and boulders, with a total thickness of from 200 to 485 feet. 
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Its topography defies verbal description, but may be included under a few 
general types. The greater part of the area may be designated as crumpled. 
The ridges have no particular direction, their tops are broad and slopes 
gentle, yet there is very little level ground. This type passes by insensible 
gradations into the corrugated, in which the ridges are steeper, sharper 
and arranged in somewhat parallel lines. Similar features much exag- 
gerated produce what may be called gouged or chasmed regions. The sur- 
face is entirely occupied by deep, irregular, elongated valleys with narrow, 
sharp, winding ridges between, all in indescribable confusion, and every- 
where ponds and swamps, marshes and lakes.” The greater part of the 
lakes of Indiana are in this moraine. The Pigeon, Fawn, and Elkhart 
rivers drain a large section of this moraine into the St. Joseph of Lake 
Michigan. Cedar Creek drains a small portion into the St. Joseph of Lake 
Erie; while the Eel and Tippecanoe rivers drain the balance into the 
Wabash. 
CRANE LAKH. 

Crane Lake, 30 to 35 acres in extent, lies mainly in the N. E. 4% of 
Section 338, Town 33 north, Range 9 east, Noble County, Ind. It is nearly 
a half.mile long from N. E. to S. W. and about 40 rods wide. It is sur- 
rounded by marsh and swamp on all sides. Its chief tributary is a little 
stream about a mile long from the northeast, which drains the W. 1% of 
Section 27. Its outlet is by a ditch across a Swamp westerly about 44 of a 
mile into Big Lake. The banks and surrounding regions are not more 
than ten feet above the water of the lake and before ditching they were 
probably not more than four feet above the water. The bottom is of soft 
mud and the slopes of the bed are rather abrupt, except in the southwest. 
Soundings at intervals of about 100 feet, commencing on the northeast. 
were as follows: 50 feet out, 15 feet deep; 150 feet out, 19 feet; then 
15; 20; 245-26) 32) 32) 305 23; 26,720) 19519519) 18h 17 LOO SO: 
10, 10 feet, and 1 foot in the outlet ditch. 


CROOKED LAKE. 


The eastern extremity of Crooked Lake is in the southeast corner of 
the N. BE. 4% Section 3, T. 32 N., Whitley County, Ind. It extends north- 
westerly about 1144 miles into the S. E. % Section 33, Noble County, and 
has an area of about 300 acres. A ridge about 144, mile wide and 18 feet 
high divides the east end of Crooked Lake from Cedar Lake which drains 
into Hel River. About the northern part of the lake there is considerable 
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low, swampy land, and the country back of the swamp rises scarcely ten 
feet above the lake. Farther south clay hills rise abruptly to an 
elevation of 25 or 30 feet on-both sides of the lake. The road run- 
ning N. and S. east of the lake crosses five massive clay ridges 
trending east and west within a mile, each rising 30 feet or more 
above the lakes. There are three small islands and considerable shal- 
low water in the southwestern part of the lake and the northern 
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part is rather shallow, but fully one-half the area is covered with deep 
water. The area drained into the lake is very narrow. I saw only one 
inlet and that was short and small. Soundings, at intervals of about 80 
feet, commencing on the east and following the axis of the lake, were as 
follows: 24, 30, 30, 30, 30, 36, 42, 36, 36, 30, 24, 21, 18, 9, 6, 4, 4, 6, 6, 
18, 21, 27, 33, 39, 45, 45, 45, 45, 39. 42, 60, 75, 81, 81, 84, 87, 90, 95, 96, 
102, 102, 102, 105, 106, 106, 105, 105, 106, 105, 105, 105, 105, 96, 93, 983, 
96, 99, 93, 81, 81, S1, 96, 99, 100, 99, 96, 99, 84, 75, 54, 42, 21, 27, 380, 
42, 45, 45, 48, 45, 42, 36, 30, 27, 27, 27, 30, 30, 27, 27, 21, 15, 12, 12, 12, 


and 4 feet among the lily pads near shore. 
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Going east on the county line, at intervals of 160 feet, I found water 
66, 96, 96, and 66 feet deep. 

The lake is well stocked with fish—bass, bluegills, perch, grass-pike, 
and others. Under much of the shallow water there is an abundance of 
workable marl. 


TIPPECANOE LAKH, OR BIG LAKE, NOBLE COUNTY. 


This lake occupies parts of sections 28, 29, 32 and 33, Town. 33 N., 
Range 9 east. It formerly had an area of about 400 acres, but a ditch has 
lowered the water about 7 feet and reduced the area to about 300 acres. 

Before ditching, fully one-half the area was less than 10 feet deep. 
There is still considerable shallow water in the southeast and southwest 
portions of the lake, but much the greater part of the area is deep water. 
The bluffs are low, not more than 10 to 15 feet above the water. The 
ditching caused the destruction of a great mass of vegetation, and so 
changed the environment of another great body of plant life that it will 
be many years before the vegetation can adjust itself to the changed con- 
ditions and reach a stable equilibrium. At its present level the lake can- 
not support aS much vegetation as formerly. The lake is famous for the 
quantities of fish found in its waters, but they are not as plentiful as 
formerly. On the southwest we found water 30, 35, 46, 47, and 36 feet 
deep, and going northwesterly along the axis of the lake at intervals of 
about 200 feet we found water 50, 65, 72, 65, 50 and 38 feet deep. Deeper 
water was claimed, but we could not find it. There is considerable marl 
in the lake bed, but it is not a workable deposit. 


GOOSE LAKE. 

This lake is in the southwest 14, section 12, Town 32 N., Range 8 E., 
Troy Township, Whitley County. It has an area of about 150 acres. It 
is surrounded by considerable swamp and low land, in which are several 
small ponds. Back of these are several morainic hills rising from 380 to 
50 feet above the surface of the lake. The slopes of the lake bed are rather 
steep and the water is in general quite deep. The lake has been lowered 
about 6 feet by a ditch. ‘This drained adjacent swamps but lessened the 
area of the lake by only a few acres. Fishing is said to be fairly good. 
Commencing on the south and going northerly and westerly at intervals 
of about 100 feet we found the depth as follows: 100 feet out, 17, 20, 
29, 30, 34, 34, 34, 37, 37, 41, 50, 54, 57, 62, 63, 62, and 61 feet; westerly, 
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D3, of, 31, 30, 31, 35, 38, 37, 36, 42, 50, 45, 37, 28 and 14 feet about 75 feet 
to shore. In the western part of the lake south of the line of soundings 
just given we found water 45, 57, 62, 54, 35, and 25 feet to south shore. 
The outlet ditch runs northerly from the northwest part of the lake, into 
Dollar Lake, thence into New Lake. 


NEW LAKE. 

New Lake, having an area of about 60 acres, is situated near the center 
section 1, Troy Township, about 14% miles north of Goose Lake. It is sur- 
rounded by low, gently sloping hills, and is bordered on the east by broad 
areas of Scirpus americana and Scirpus lacustris. Commencing at the 
southeast and going northerly at intervals of about 100 feet, we found 
soundings as follows: 15, 12, 20, 39, 30, 29, 30, 31, 38, 48, 38, 34, 26, 
23, 21, 22, 23, 26, 36, 37, 34, 31, 21, and 6 feet among the lily pads near 
shore. The outlet is by a ditch northeasterly about half a mile into Loon 
Lake. 

OLD LAKH. 


Old Lake, about the same size as New Lake, is situated about a half 
mile north of New Lake in the S. W. 4, Sec. 36, Town. 33 north, Range 8 
east, Htna Township, Whitley County. The shores are low and swampy 
or marshy. Considerable areas of swamp land to the west drain into Old 
Lake. The outlet is easterly a half mile or so into Loon Lake. Soundings 
at intervals of about 100 feet, going easterly, as follows: 25 feet out, 12, 
30, 31, 31, 31, 27, 27, 32, 40, 42, 45, 45, 45, 48, 37, 34, 30, 28, 25, 21, and 
15 feet 100 feet to shore. 

LOON LAKE. 


Loon Lake lies mainly in the east half of Sec. 36, Etna Township, 
Whitley County, and in the west half of Sec. 31, Noble Township, Noble 
County. It has an area of about 240 acres. A drainage ditch lowered the 
level of the lake about 7 feet, greatly lessening the area, and reducing the 
proportion of shallow water. Lowering the lake uncovered large areas of 
muck, marl and sand. Some of the muck is well covered with vegetation, 
but the sand and mar! are still quite barren after six years of exposure. 
There is considerable marsh land and swamp in the west, but on the south, 
east and north there are low bluffs rising 10 to 15 feet above the lake. 
To the northwest of the lake there are some hills that rise fifty feet above 
the lake. Commencing at the south and working northerly along the axis 
of the lake at intervals of about 136 feet we found depths as follows: 
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156 feet out, 18, 42, 39, 24, 389, 48, 57, 66, 66, S81, 75, 68, 51, 36, 33, 54, 
36, 30, 21, 18, 21, 33, 36, 39, 36, 36, 33, 24, 27, 39, 42, 48, 48, 36, 27, 27, 
do, 30, 18, and 2 feet among the lily pads. Going north from island about 
40 rods east of the above line we found, 150 feet out, 15 feet, and at in- 
tervals of 156 feet, 36, 48, 54, 54, 33, 57, 63, 60, 60, 57, 39, 27, 24, 27, 
30, 36, 51, 54, 45, 38, 33, and 18 feet 136 feet to shore. Going westerly 
from the island, at intervals of about 136 feet, as follows: 21, 24, 27, 
39, and 57 feet, near station 7 on first line, 60, 93, 93, 93, 93, 81, and 48 
feet, the water shoaling rapidly to the west. 

The soundings show a large area of deep water and a very uneven bed. 
Fishing is fairly good but not as good as before the lake was drained. 

The outlet flows from near the nerth end of the lake easterly a few 
rods, then north a half mile or so, where it joins the outlet of Tippecanoe 
Lake, forming Tippecanoe River, which flows westerly into Smalley Lake, 


draining on the way considerable areas of marsh and swamp. 


DOLLAR LAKE. 


This lake, having an area of 12 to 15 acres, is situated near the center 
of Sec. 25, a little northwest of Loon Lake. Hills rise abruptly from the 
shore of this lake to an elevation of about 50 feet. A narrow zone of 
marsh surrounds the lake. The slopes of the lake bed are steep. The 
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soundings were 26, 30, 37, 44, and 51 feet. Vhe water was reported much 
deeper, but we found only 51 feet. The outlet is northerly into the river 
in the S. H.4% See. 24. 
SMALLEY LAKE. 

Smalley Lake, having an area of about 80 acres, lies mainly in the S. 
BH. % Sec. 15, extending a little way into the N. BE. % Sec. 22, Washington 
Township, Noble County. There is considerable low land on the south and 
east, with low bluffs 12 to 20 feet on the west and northwest. A little 
stream drains three small ponds and some marsh land into the northern 
part of the lake and two ponds with some low land on the east are drained 
into the lake or the river just south of the lake. Commencing at the inlet 
and going northwesterly we found at intervals of about 100 feet water as 
follows: In mouth of inlet, 1 foot; 100 feet out, 8, 16, 28, 35, 37, 37, 
38, 38, 39, 39, 39, 40, 40, 39. 39, 88, 38, 388, 39, 40, 42, 38, 32, 21, 25, 25, 
20, and 12 feet; 3 feet near the head of the outlet, water in the outlet 
about 8 inches deep and 10 feet wide. Krom Smalley Lake near the center 
of Sec. 15 the river flows westerly about 1144 miles into Baughner Lake, 
draining on the way a wide tract of low swamp land and Gallup’s pond 
or lake, having an area of about three acres, near the center of Sec. 16. 
It is reported to be shallow. 


BAUGHNER LAKE. 


This lake is located just west of the center of Sec. 16 and has an area 
of about 30 acres. We did not make any soundings in this lake. It is 
reported as rather shallow, not more than 20 to 25 feet. Baughner Lake 
receives considerable water from the southeast through Johnson Lake 
and its tributaries. 

BROWN LAKE. 

Brown Lake is in the center of section 26, Town. 33 N., Range 8 E. 
It has an area of about 30 acres. It is somewhat elliptical in form, being 
longer from southeast to northwest. Commencing on the southeast, at 
intervals of about 100 feet, we found water as follows: 100 feet out, 21, 
29, 39, 47, 48, 44, 46, 46, 46, 42, 37, 31, 29, 26, and 21 feet, and 6 feet in the 
lily pads about 20 feet from shore. There is some swamp land to the 
southeast and considerable marsh land on the north, but the zone of wet 
land is narrow on the south. The slopes are gentle oi all sides, the high- 
lands rising to 20 to 30 feet above the lake. The slopes of the lake bed 
seemed to be abrupt on all sides. The lake is drained northwesterly by 
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a ditch into MeDonald Lake or pond, in the western central part of See. 
22, thence northwesterly into Johnson Lake, on the north line of Sec. 21, 
which has an area of about 10 acres. Water is reported deep, 30 to 35 
feet. Baker Lake or pond, a litthe northwest of the center of Sec. 21, 
drains into Johnson Lake. The outlet of this lake flows northwesterly 
through a pond and surrounding marsh into Baughner Lake. The outlet 
of Brown Lake drains a wide area of land, but there is considerable wet 
land along this valley that the present ditch does not drain. Two other 
ponds in Sec. 16 are drained into Baughner Lake. From this lake the 
river runs a little south of west about 1144 miles into ‘the Dam,” a pond 
on the line between sections 18 and 19, so that it is in the S. E. 4% Sec. 
18 and N. BE. % Sec. 19. It has an area of about 15 acres and was formed 
by a dam about 10 feet high. It is shallow and abounds with vegetation. 
From ‘the Dam” the river flows westerly and northwesterly through Keiser 
Lake, small and shallow, into the Backwater, a shallow body of water 
occupying a large part of the south half of Sec. 13, Town. 33 N., Range 
7 W., Kosciusko County; thence northwesterly through ‘the channel” 
into Boydstone or Webster Lake, in sections 10, 11, 12, 14 and 15, Tippe- 
canoe Township, Kosciusko County, Ind. 
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Caves AND Cave Kormations oF THE MircHELL LimESTONE. 


By FEF. C. GRrene. 


THE MITCHELL LIMESTONE. 

The Mitchell limestone, otherwise known as the St. Louis, barren, or 
cavernous limestone, is a bluish or grayish, hard, compact, even-grained 
stone, generally having a conchoidal fracture. It is so compact as to make 
it rather impervious. Intercalated layers of blue-gray shale are frequent. 
Large concretions or chert are characteristic of certain horizons. When 
the stone weathers, these masses of chert do not dissolve, but break into 
more or less angular fragments which strew the ground over the Mitchell 
area. In Indiana the formation is also characterized by the common 
presence of a genus of corals known as Lithostrotion or Lonsdaleia.- In 
some places, such as western Monroe or southern Crawford County, there 
is a typical white odlite found near the top of the formation. 

Analysis shows the -Mitchell to be a very pure calcium carbonate, and 
at Mitchell, Lawrence County, from which place the formation received 
its name, it is extensively quarried for making lime and cement. 

It is found in Harrison, Floyd, Crawford, Washington, Orange, Mar- 
tin, Lawrence, Monroe, Greene, Owen, Morgan, Putnam, Parke, and Mont- 
gomery counties.* It extends south into Kentucky and west into Illinois, 
where it exhibits similar characteristics. 

In the southern part of the State it reaches a thickness of 350 to 400 
feet; in the central part of its area, that is, in Lawrence and Monroe coun- 
ties, the thickness is from 150 to 250 feet, and from here gradually thins 
toward the north.** 

The greater part of the Mitchell lies in the non-glaciated portion of the 
State, thus exposing an erosion topography unaffected by other agencies. 
Several factors enter into the cause of its present topographic aspect. 
During Cretaceous time the area in which the Mitchell is located was 
eroded to base level, forming part of the great Cretaceous peneplain. 
After this event had occurred, a period of elevation began so that erosion 


* Hopkins, T. C., 28th An. Rept. Ind. Dept. Geol., p. 57. 
** Op. cit., p. 58. 
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again commenced to cut down the surface, and probably during the Ter- 
tiary period, it again reached partial peneplanation with a few monad- 
nocks here and there standing above the general surface. It is this Ter- 
tiary peneplain which gives the country its level appearance when viewed 
from a distance. Since this second peneplanation, the country has probably 
been relatively elevated to the present time. The western edge of the 
Mitchell area is overlain by the Huron formation, which, by reason of its 
hard and soft strata, has taken on a very rugged aspect. To the east of 
this belt level lies the central or slightly rolling area of the Tertiary pene- 
plain, while to the east of this, the eastern edge again becomes rolling, 
owing to the underlying Salem and Harrodsburg limestones. 

The Mitchell has a dip to the southwest which probably averages 20 
to 30 feet to the mile. This affects surface streams, though these are very 
few, owing to the extensive underground drainage. 

The general relief of the surface of the Mitchell area becomes greater 
toward the Ohio River. This is probably due to at least three causes, 
namely, the dip to the southwest, the increasing thickness of the forma- 
tion, and the fact that the Ohio River is the largest stream draining the 
area and has cut down to the lowest level of any stream in the area under 
consideration. In the vicinity of Wyandotte Cave the general level of the 
upland is about 300 feet above the level of Blue River. 

The Mitchell limestone has long been known as the “Cavernous lime- 
stone.” Both the Wyandotte Cave of Indiana and the Mammoth Cave of 
Kentucky occur in its strata. In three counties in the vicinity of Mam- 
moth Cave, over five hundred caves are known to exist. These facts lead 
us to investigate the general adaptibility of this limestone to cave forma- 
tion. 

The reasons of this adaptibility are numerous. Besides the bedding 
planes, two sets of vertical joint-planes exist, one set having a general 
east and west direction and the other a north and south direction. Ver- 
tical joint-planes are probably more numerous in this, than any other of 
the Mississippian limestones. Owing to the fact that the Mitchell is rather 
impervious and often of a lithographic nature, the down flowing water is 
forced to follow the joint and bedding planes. The underlying Salem lime- 
stone contains joint-planes but is porous enough to become thoroughly 
saturated instead of confining the water to joint-planes. 

The Mitchell limestone has a great thickness of rocks of nearly uniform 
texture. It is composed of nearly pure calcium carbonate, which renders 
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it soluble to meteoric water. Many of these facts are brought out by Cum- 
‘ings in his paper, “On the Weathering of the Subcarboniferous Limestones 
of Southern Indiana,” in the Proceedings of this society for 1905, pages 
85-100. The great central area is practically level, owing to Tertiary 
peneplanation, thus lessening the amount of run-off. The western part of 
the area is overlain by the Huron formation, composed largely of porous 
sandstone which absorbs precipitation and passes, a part of it, at least, 
downward into the underlying Mitchell. The area as a whole is wooded, 
which also tends to hold meteoric water rather than to give it up to such 
surface drainage as exists. The area in Indiana lies in a section of coun- 
try which is one of relatively great humidity. 

The individual layers of the formation are comparatively thin and are 
generally separated by thin layers of impervious shale. This factor tends 
to weaken the layers when a cave is formed beneath them and allows them 
to collapse, thus giving the stream the opportunity of enlarging the cave 
in a mechanical way by removing the debris. 


FORMATION OF CAVES. 


Limestone (CaCO,) is only slowly and difficultly soluble in pure water, 
but when water descends through the atmosphere as in rain and snow, a 
certain per cent. of CO, is dissolved, forming H.CO,. This is enabled to 
dissolve calcium carbonate, forming calcium bicarbonate thus: H.CO,+ 
CaCO,=CaH, (CO,).. The latter product remains in solution until evapo- 
‘ation takes place. It is owing to this fact that stalactites and stalagmites 
are formed in caves. 

Now when rain-water falls on an area such as that underlain by the 
Mitchell limestone where the conditions favor a minimum amount of run- 
off and evaporation, and where the greater amount of precipitation soaks 
into the soil, it will tend to collect and flow downward through the most 
available passages. Such passages are furnished by the above-mentioned 
joint-planes. Where two of these joint-planes cress at right angles, the 
passage will be freest and it is probably at such points that most of the 
ground-water passes downward. This downward flow of water may be 
arrested by several causes, four of which are most important. The joints 
become tighter as they descend into the earth; the level of ground-water, 
where the flow in the joints is retarded, may be reached; an unusually 
impervious layer of limestone or shale may be present; or what is prob- 
ably most important, a level corresponding to that of the local base level 
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of erosion may be reached and divert the downward moving water. Any 
or all of these causes may change the downward flow of water into lateral 
flow, although in time they may cease to have this function, owing to 
chemical or mechanical erosion. 

Locally other factors may enter into the stoppage of the downward 
flow. These may be greater hardness or impurities of the limestone, ete¢. 

The horizontal flow will naturally follow the line of least resistance, 
which will be along the line of one of the joint-planes. Thus young caves 
and many which are older, follow approximately straight north and south, 
and east and west lines and have right-angled turns. ‘The direction of the 
cave stream will be determined by local conditions, such as hardness, dip, 
solubility and nearness.to surface streams. 

At first the erosion will be by solution, but in time the cave stream 
will come to be governed by much the same laws as surface streams and 
corrosion will do its share in enlarging the cave. The original downward 
opening will become larger and surface material with its hard, angular 
pieces of chert, and soil will be washed into the opening, and sinkholes 
such as are characteristic of the Mitchell area, will be formed. In time 
these become very large, occasionally containing many acres; however, it 
may be said that the very large sinkholes (and these only) are formed by 
collapse of caves. 

In the young cave there will be no evidence of any erosion except 
that by solution. The water is very clear and contains a minimum amount 
of solid matter; the cave will be bounded on all sides by solid rock walls 
and angular protuberances will be everywhere conspicuous. 

So much for the common type of a very young cave. A multitude of 
factors determine the size and shape of a cave as it grows older. Much 
depends on the level of the surface stream into which the cave stream 
flows. If the surface stream is much lower than the level on which the 
eave stream flows, the latter will cut down rapidly, other things being 
equal, thus forming a narrow and deep cave such as is seen at the entrance 
of Shawnee Cave in Lawrence County, or in Wyandotte Cave. If the level 
of the surface stream. is near that on which the cave stream flows, the 
tendency will be toward lateral erosion, and the cave will cut downward 
only as rapidly as does the surface stream of which it is a tributary. 

Most of the surface streams and probably all of the cave streams of 
the area had their origin since the Tertiary peneplanation. The Mitchell 
area has been elevated since then, as was mentioned above, but owing to 
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the fact that. this elevation has been more or less interrupted, the surface 
streams have devloped terraces and the caves near the Ohio and its older 
tributaries have in some cases four or five levels, probably due to the 
same cause. Only the lowest of these levels will contain water at the 
present time. ‘The four or five levels of passages in caves in the region 
under discussion may have had other local causes, such as differences in 
hardness or solubility, etc. It is not meant that all caves in this region 
have several levels, for new caves are continually being formed. 

The bedding planes being planes of weakness, the cave will be broader 
at the bedding planes than between them. (Fig. 1.) Softness or un- 
usual solubility of a particular layer will cause a broadening of the cave, 
while hardness or insolubility will result in a narrowing. If a cave is fol- 
lowing some particular joint-plane, a cross joint (which perhaps carries 
a larger or smaller stream) will cause a decided broadening, due to the 
weak spot caused by the cross-joint. 

When a particular cave stream reaches temporary base level it will 
cease downward cutting and begin eroding laterally. In this case the 
stream is generally supplied with abundant abrasive material. In time 
this will produce a cave with a sort of an inverted T-shape. (Fig. 2.) 
Owing to the thinness of the layers, in time this will cause a collapse of 
the sides and roof, such as has taken place in many parts of Wyandotte 
Cave. (Wig. 3.) 

If such action takes place where two joints cross, the amount of rock 
precipitated from the roof and walls will be enormous, producing such a 
mound as Monument Mountain in Wyandotte, where a mound over one 
hundred feet high has been formed. In the upper part of Shawnee Cave, 
Lawrence County, the lateral erosion has been very great and in some 
places in this and also in Wyandotte Cave, this tendency has resulted in the 
collapse of the fioor of an older passage above. Thus it will be seen that 
the floor of an old cave will be apt to be rough and rocky instead of level, 
although there are cases where the stream has suddenly found another out- 
let, leaving an old cave with a smooth and firm floor. 

Most of the old caves and some of the younger do not follow straight 
eardinal lines or have right-angled bends. In young caves this is due to 
a tendency of the stream to straighten its course just as a surface stream 
does, although hardness and solubility of the rock play a large part. (Fig. 
4.) Wor example, if on one side of a joint-plane which a cave stream is 


following, there is a particularly soluble spot, there will probably be a 
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bend or curve developed at the soluble place. (Fig. 5.) In old caves these 
factors, together with that of collapse from lateral erosion after base level 
has been reached, change the shape so that a straight line or right-angled 
bend is seldom seen. 


SPECIAL PHASES—PITS AND DOMES. 


Many caves are characterized by pits and domes. The former may 
be formed in two ways. Where there is a particularly soft or soluble 
place in the floor of a cave, the hard, angular fragments of chert will con- 
gregate, and by a whirlpool-like abrasion and solution, a pot-hole will be 
produced. These sometimes reach large dimensions, as in Wyandotte, 
where pits twenty or thirty feet deep have been formed. In one particular 
passage of Wyandotte, the downward erosion has been very rapid, so that 
the stream has cut down to a lower level, leaving several natural bridges 
of solid rock. 

The second type of pit and the domes are related. Often where two 
sets of vertical joint-planes cross, the water trickling down will dissolve 
out an erosion dome. In Mammoth Cave of Kentucky, these domes often 
reach a height of one hundred feet or more. They may be formed down to 
the level of the passage along one of the joints, in which case they are 
simply domes, or they may continue eroding after one passage has been 
deserted by the stream and continue to erode to a lower level occupied by 
another stream, thus forming a pit or dome according to the level from 


which they are viewed. (Figs. 6 and 7.) 


CAVE ENTRANCES. 


Gave entrances may be formed in four principal ways. A sink-hole 
may become large enough to serve as an entrance, either by corrosion and 
solution, or by subterranean solution of the dome-forming type. Ropes, 
ladders, or steps are generally needed in this type of an entrance. The 
entrances to Little Wyandotte and Marengo caves of Crawford County are 
of this type. 

Another and common type of entrance is that by way of the mouth 
of the out-flowing cave stream. In a young cave this is apt to be on the 
horizontal; but when one mouth is abandoned for another at a lower 
level, weathering produces a curious change. The rocks above the cave 
mouth will weather and fall to the floor, thus causing the entrance to pro- 
gress up the slope and a great pile of debris to collect on the original floor 
of the cave. (Fig. 8.) The entranees to Wyandotte and Saltpeter caves 
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of Crawford County, and Mammoth Cave of Kentucky are of this type. <A 
shaft was sunk to the depth of sixty feet at the mouth of Wyandotte 
before the solid rock floor was reached. 

A eave stream may undermine the rock beneath a low place such as ¢ 
sink-hole, causing the overlying strata to collapse. In this case there will 
be two entrances at the place where the cave-in occurred. Should atmos- 
pheric agencies weather back the two entrances the cave stream will flow 
above ground for a greater or less distance. This action has occurred 
twice in Shawnee Cave, Lawrence County, and the surface portions of 
Lost River, “Orange County, have probably come about in an analogous 
manner. 

A fourth type of cave entrance is that produced by a surface stream 
eroding its way into a cave; but this type is probably common only in re- 
gions of great relief, such as those bordering the Ohio, since surface 
streams of sufficient size to accomplish this are rather rare in the Mitchel! 
belt. 


MATERIALS DEPOSITED IN CAVES AFTER FORMATION. 


It was stated in the second portion of this paper that calcium )i- 
carbonate (CaH.(CO,), was formed by the action of atmospheric water 
on limestone. This substance will remain in solution until evaporation 
takes place, when it will split up as follows: CaH.(CO,).=CO,+H.0O + 
CaCO,. The carbon dioxide being 1.5 times as heavy as air sometimes 
settles in the lower portions of caves, rendering them dangerous, but this 
is not often the case in the caves of the Mitchell area owing to the pres- 
ence of air currents which remove the gas. The CaCO, will remain as 
stalactitic and stalagmitic deposits. Owing to the fact that in the lower 
and younger parts of the cave, which contain water, the air is generally 
saturated so that evaporation is at least not rapid, the calcareous deposits 
are found in greatest abundance in the higher and drier passages. 

In the deposition of calcareous material the joint-planes again play 
a prominent part, due to the fact that water is able to find its way down 
through them. Very often the vertical joint along which a cave was 
formed will be marked overhead by a row of stalactites and sometimes 
by a row of stalagmites on the floor beneath. Where two joints cross 
each other the deposition is apt to be greatest. In Wyandotte cave in 
two places where large piles of rock have fallen (Senate Chamber and 
Monument Hill) owing to cross joints, the piles of rock are crowned 
with large stalagmites directly beneath the crossing of the vertical joints. 

[18—21363 ] 
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Often the water does not evaporate right at the base of the joint but 
trickles down the side walls, depositing a coating of calcareous material 
there. 

In Milroy’s Temple, Wyandotte cave, and in Shawnee caye, Law- 
rence County, the evaporation has not always taken place at the lower 
end of the stalactite, but they are curved outward and upward. ‘This is 
possibly due to the twining tendency in the crystallization of the calcite. 
Local conditions may give rise to an almost endless variety of these cal- 
careous deposits. 

Under certain conditions gypsum and epsomite are deposited in caves, 
the former as a coating of the walls and as curved crystals or “Oulopho- 
lites,’ and the latter as delicate needle-shaped crystals in the earth of 
fhe cave floor. H. C. Hovey in the “Manual of the Mammoth Cave of 
Kentucky” states that the black deposit on the ceiling of the Star Cham- 
ber of this cave is the oxide of manganese. All of these materials are 
derived from the Mitchell limestone, but owing to its purity are not nearly 
in such great abundance as the calcite deposits. 

The materials deposited on the floors of caves are generally of three 
classes: fallen rock, chert gravel and nitrous earth. Of the first class 
there is little to be said, as it has already been mentioned. The chert 
is derived from the concretions of chert in the limestone. Owing to its 
insolubility, it remains after all other materials have been dissolved. In 
Shawnee cave, Lawrence County, it has in places been cemented together 
by calcite and some oxide of iron to form a hard, firm conglomerate. 

The nitrous earth or “saltpeter dirt” is practically always found in 
passages now abandoned by the streams which formed them. It seems 
to have been originally the finer portion of the solid matter carried by 
the cave stream. Some slackening of the current, probably due in most 
cases to fallen rock, caused this material to be deposited. The deposition 
then continued until the stream found another outlet. Another source of 
this fine earth, and probably equally as important, is that of material 
washed in through crevices and small sink-holes to the passages directly 
beneath them, which, of course, would be the higher passages of the cave. 
Now these high and dry passages are the ones most liable to be frequented 
by bats, and it is probably from the dung of these animals, which, ac- 
cording to Hahn,* spend about five-sixths of their existence in a dormant 


state, that the potassium nitrate is derived. Inspection of the earth in a 


*Habn, W. L., Some Habits and Sensory Adaptations of Cave-inhabiting Bats. Biol. 
Bul., Vol. XV, No. 8. Aug. 1908, p. 190. 
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dry passage of Shawnee cave, Lawrence County, revealed a multitude of 
bat bones scattered through this earth, a fact that seems to confirm this 
theory. 

In conclusion it may be stated that local causes may and often do 
exist that affect the formation of a particular cave and that are dia- 
metrically opposed to the factors enumerated above, so that no set of rules 
or conditions can be formulated for determining the formation of a cave 


or explaining its formation. 
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Fig. 1. Showing the effects of bedding _Fig. 2. Showing the effect of long con- 
planes where the stream has cut down rap- tinued lateral erosion. The dotted line 
idly (A) and slowly (B). shows the curve of greatest strength. 


Fig. 3. Showing collapse due to weak- Fig.4. The solid lines show the original 
ness from lateral erosion. The cave has cave and the dotted lines the course the 
assumed the curve of greatest strength. stream will seek to pursue. 
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Fig. 8. Progression of a cave entrance up a slope. 
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Tar Lire Zones oF InpiANA AS ILLUSTRATED BY THE DIsTRI- 
BUTION OF ORTHOPTERA AND COLEOPTERA 
WITHIN THE STATE. 


By W. S. BLATCHLEY. 


During the past twenty years much of my spare time has been de- 
voted to the collecting and classification of the insects of Indiana, es- 
pecially Orthoptera, or katydids and grasshoppers, and Coleoptera, or 
beetles. In the report of the Department of Geology for 1902 the results 
of the work on Orthoptera were published, about 150 species being therein 
classified and described. The Coleoptera are at present being worked up, 
and I hope to be able to publish a descriptive catalogue of them within 
the next two years. Up to the present about 2,700 species have been col- 
lected in the State. 

The collecting and detailed study of the distribution of the above men- 
tioned insects in Indiana has developed certain facts regarding the life 
zones of the State which I thought might be of interest. In a map ac- 
companying his paper entitled “Life Zones and Crop Zones of the United 
States,” published in 1898, Dr. C. H. Merriam, chief of the Biological Sur- 
vey of the U. S. Department of Agriculture, showed the “Upper Austral 
Zone” as covering the entire State with the exception of a very small 
area of the Lower Austral in the extreme southwestern corner. The facts 
brought out regarding the distribution of Orthoptera and Coleoptera in 
Indiana, which are supplemented by numerous field notes on other groups 
of insect and animal life, and on the flowering plants, prove conclusively 
that the “Transition Zone,’ represented by the Alleghanian fauna and 
flora, overlaps the northern fourth of the State, while the “Lower Austral 
Zone,” represented by the Austroriparian fauna and flora, overlaps the 
greater part of the southern third. The Carolinian fauna and flora of the 
Upper Austral embraces, of course, the prevailing forms of life in the 
State, 93 of the 148 species of Orthoptera belonging to it. The majority 
of these range over the entire State, mingling with the representatives of 
the Alleghanian fauna in the north and with those of the Austroriparian 
fauna in the southern third. The proporticn of Coleoptera belonging to 
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the Carolihian fauna will be about the same, but the exact figures cannot 
as yet be given. To the Carolinian fauna belong also the great majority 
of the other forms of animal life in the State. 

AS some members of the Academy may not be acquainted with Dr. 
Merriam’s paper I would state that he divides the continent of America, 
according to the distribution of its animals and plants, into three primary 
transcontinental regions, viz., Boreal, Austral and Tropical. The Boreal 
region covers the whole of the northern part of the continent from the 
Polar sea southward to near the northern boundary of the United States. 
and occupies also the higher parts of the three great mountain systems, 
viz., the Sierra-Cascade range, the Rocky and the Alleghany mountains. 

The Tropical region is represented in the southern part of the penin- 
sula of Florida only. The Austral occupies the intervening territory, cov- 
ering the whole of the United States and Mexico except the Boreal moun- 
tains and Tropical lowlands. 

Each of these three great regions is again subdivided into a number 
of minor belts or areas, known as zones, and characterized by particular 
associations of animals and plants, the Austral region, which alone is 
represented in Indiana, being subdivided into the three transcontinental 
belts mentioned above, namely, the ‘Transition,’ “Upper Austral’ and 
“Lower Austral” zones. 


THE TRANSITION ZONE. 


The uppermost of the three Austral divisions is the transcontinental 
belt in which the Boreal and Austral elements overlap. In Indiana it is 
represented in the two northern tiers of counties, which counties embrace 
several hundred fresh water lakes within their bounds. These lakes range 
in size from an area of half an acre up to five and a half square miles. 
About their margins are often extensive areas of low boggy land covered 
with numerous forms of plant life whose main distribution is far to the 
north and which have here their southern limit. Among the more charac- 
teristic plants of the Alleghanian flora, which are found only in the north- 
ern fourth of Indiana, are the following: Larch or tamarack, Larix lari- 
cina (Du Roi); arbor vitae or white cedar, Thuja occidentalis L.; false 
lily of the valley, Unifoliwm canadense (Desf.) ; moccasin flower, Cypri- 
pedium acaule Ait.; showy lady’s slipper, Cypripedium reginae Walt.; 
bog orchis, Arethusa bulbosa L.; fen orchis, Leptorchis loeselii (.) ; sweet 
fern, Comptonia peregrina (L.); paper or canoe birch, Betula papyrifera 
Marsh; speckled or hoary alder, Alnus incana (.) ; gold-thread, Coptis tri- 
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folia (l.); round-leaved sundew, Drosera rotundifolia L.; black choke- 
berry, Aronia nigra (Willd.) ; round-leaved wintergreen, Pyrola rotundi- 
folia L.; shinleat, Pyrola elliptica Nutt.; creeping wintergreen, Gaultheria 
procumbens L.; large cranberry, Orycoccus macrocarpus (Ait.) ; chickweed 
wintergreen, Tvrientalis americana Pursh., purple bladderwort, Utricularia 
purpurea Walt., and the twin-flower, Linnwe borealis L. 

Among the mammals and reptiles the following representatives of the 
Alleghanian fauna occur in the northern fourth of the State: Canada 
porcupine, Hrethizon dorsatus (l.); red squirrel or chickaree, Sciwrus 
hudsonicus Erxleben; star-nosed mole, Condylura cristata (l.); hoary 
bat, Atalapha cinerea (Beauy.); American badger, Taxridea americana 
(Boddaert) ; speckled tortoise, Clemmys guttata (Schneider) ; and Blan- 
ding’s tortoise, Hmys meleagris Shaw. 

Of the Orthoptera from the State, 28 species, or 15.5 per cent of the 
total, may be classed as belonging to the Alleghanian fauna and as occu- 
pying the southern limits of the Transition Zone, which lies between the 
Boreal and Upper Austral zones. These truly northern members of our 
Orthopteran fauna are as follows: 


INDIANA ORTHOPTERA BELONGING TO THE ALLEGHANTAN FAUNA. 


1. Orphuleila pelidna (Burm. ) 12. Melanoplus extremus (Walker) 
2. Orphulella speciosa (Seudd.) 13. Melanoplus angustipennis (Dodge} 
3. Stenobothrus curtipennis Harr. 14. Pheetaliotes nebruscensis (Thom.) 
4. Mecostethus lineatus Scudd. 15. Paroxya scudderi Bl. : 
5. Camnula pellucida (Scudd.) 16. Scudderia pistillata Brunn. 
6. Hippiscus haldemanni (Seudd.) 17. Conocephalus robustus Seudd. 
7. Spharagemon wyomingianum 18. Orchelimum indianense BI. 
(Thom.) 19. Orchelimum delicatum Brun. 

8. Trimerotropis maritima (Harr.) 20. Orchelimum gladiator Brun. 
9. Schistocerca rubiginosus (Harr.) 21. Nemobius paulstris Bl. 

10. Hesperotettix pratensis Scudd. 22. Nemobius confusus Bl. 

11. Melanoplus fasciatus (Walker) 23. Gryllus arenaceus Bl. 


No list of the Coleoptera of the Transition Zone has ever been pub- 
lished, but about 1848 Louis Agassiz and other parties made a trip to 
the northern shore of Lake Superior, and in a volume published in 1850, 
treating of the natural history and other features of that region, Dr. J. 
L. Le Conte listed the beetles taken and described many new species. Of 
these more than forty have been taken in the northern fourth of Indiana 
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and nowhere else in the State. They occur for the most part in and 
around the borders of the Tamarack marshes, which are familiar features 
in many of the counties in this area of Indiana. Numerous other species 
whose range is given by Le Conte and Horn as “southern border of British 
America and northern United States” occur in this Transition Zone of the 
State, and a complete list of them will be given in the paper on Coleoptere 
when published. 
THH LOWER AUSTRAL ZONE. 

The extreme northern boundary of the Lower Austral life zone passes 
in a northwest-southeast direction through the following counties in In- 
diana: Vigo, Clay, Owen. Monroe, Jackson, Jennings, Jefferson and 
Switzerland. In the territory south of this line the Austroriparian fauna 
of that zone overlaps and merges with the Carolinian fauna of the Upper 
Austral zone. The extension northward on the western line of the State 
is, without doubt, due to the presence of the broad and sheltering valley 
of the Wabash River, within the confines of which certain southern forms 
have found a climate mild and suitable to their habits. Within this val- 
ley the following members of the Austroriparian flora grow indigenously, 
a number of them as far north as Terre Haute: Bald cypress, Taxrodium 
distichum (.); upright burhead, Hchinodorus cordifolius (.); showy 
amaryllis, Hymenocallis occidentalis (eC.); pecan, Hicoria pecan 
(Marsh) ; swamp or downy poplar, Populus heterophylla L.; chinquapin, 
Castanea pumila (L.) ; Texan red oak, Quercus terauna Buckley ; pipe vine, 
Aristolochia tomentosa Sims; American lotus, Nelumbo lutea (Willd.) ; 
Carolina moonseed, Cebatha carolina (.); great burnet, Sanguisorba 
canadensis L.; water or swamp locust, Gleditsia aquatica Marsh; water 
ash, Fraxinus caroliniana Mill, and crossvine, Bignonia crucigera L. 

Among other characteristic southern plant forms occurring in Indiana 
south of the nerthern boundary of the Lower Austral zone are: ‘The 
yellow pine, Pinus echinata Mill.; mud plantain, Heteranthera reniformis 
R. & P.; false aloe, Agave virginica L.; Spanish oak, Quercus digitata 
(Marsh); southern hackberry, Celtis mississippiensis Bose.; American 
mistletoe, Phoradendron flavescens (Pursh.); cucumber tree, Magnolia 
acuminata I.; pencil flower, Stylosanthes biflora (.) ; Carolina buckthorn, 
Rhamnus caroliniana Walt.; yellow passion flower, Passiflora lutea 1. ; 
Hercules club, 4ralia spinosa L.; persimmon, Diospyros virginiana L.3; uni- 
corn plant, Martynia lowisiana Mill.; catalpa, Catalpa catalpa (.). and 
the rough button-weed, Diodia teres Walt. 
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The southern mocking bird, Mimus polyglottos (.), nests in numbers 
as far north as Terre Haute, and the ‘chuckwills widow,” a southern ally 
of the whip-poor-will, occurs in Knox and Gibson counties; while among 
the batrachians and reptiles the hellbender, Cryptobranchus alleghaniensis 
(Daud.) ; 
snake, Ophibolus -doliatus (.); Say’s chain snake, Ophibolus calligaster 


the southern cricket frog, Acris gryllus Le Conte; the corn 
(Say); the bead snake, Hlaps fulvius (.); the ground lizard, Oligosoma 
laterale (Say);: the lacertina 
(Schweigger), and the yellow-bellied terrapin, Pseuwdemys troosti (Hol- 
is far to the south, find in 


alligator snapping turtle, d/uacrochelys 


brook), all forms whose main distribution 
southern Indiana a congenial abiding place. 
It is not strange, therefore, that we find living with these plants and 
animals a number of Orthoptera and Coleoptera whose range has hereto- 
fore been thought to be confined to the region mapped by Merriam as the 
“Lower Austral.” Thirty-two of the 148 species of Orthoptera, or 21.6 
per cent of the total, Inay be classed as southern forms. They are as 


follows: I Sadlesel ak er 


INDIANA ORTHOPTERA BELONGING TO THE AUSTRORIPARIAN 


FAUNA. 
1. Temnopteryx deropeltiformis 16. Schistocerca damnijfica (Sauss.) 
Brunn. 17. Melanoplus morse Bl. 
2. Ischnoptera inacqualis Sauss- 18. Melanoplus impudicus Scudd. 
Zehnt. 19. Amblycorypha uhlert (Brunn.) 
3. Ischnoptera major (Sauss.-Zehnt. ) 20. Conocephalus bruneri Bl. 
4. Stagmomantis carolina (L.) 21. Atlanticus dorsalis (Burm.) 
5. Gonatista grisea (Fab.) 22. Camptonotus carolinensis (Gers.) 
6. Anisomorpha ferruginea (Pal. de 23. Ceuthophilus stygius (Scudd.) 
Beauv.) 24. Ceuthophilus uhleri Scudd. 
7. Tettix arenosus Burm. 25. Myrmecophila pergandei Brun. 
8. Neotettix hancocki Bl. 26. Nemobrus canus Seudd. 
9. Tettigidea spicata Morse. 27. Nemobius cubensis Sauss. 
10. Tettigidea lateralis (Say). 28. Gryllus firmus Seudd. 
11. Syrbula admirabilis (Uhl.) 29. Miogryllus saussuret (Scudd.) 
12. Hippiscus phenicopterus (Germ. ) 30. Phylloscirtus pulchellus (Uhil.) 
13. Mestobregma cinctum (Thom.) 31. Apithes agitator Uhl. 
14. Trimerotropis citrina Scudd. 32. Orocharis saltator Uhl. 
15. Leptysma marginicollis (Serv.) 
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Of the species listed but four, one of them being the Carolina mantis 
or rear-horse, Stagmomantis carolina (l.), and the others Camptonotus 
carolinensis (Gers.), Syrbula adnirabilis (Uhl.) and Orocharis saltator 
Uhl., have been taken in small numbers as far north as Marion County ; 
all of the others only south of the line mentioned as forming the northern 
border of the Lower Austral. 

In this Lower Austral zone I have also taken more than one hundred 
species of beetles whose range heretofore has been given as the Gulf or 
Southern States. Among them are some of the largest and most striking 
members of Coleoptera taken within the State, regular “Oh, my! beetles ;” 
that is, those which beget the ejaculation ‘Oh, my!’ when they are noted 
by persons not especially interested in the order. Among these two of 
our largest tiger beetles of the genus TJetracha; the stag beetle, Lucanus 
elaphus Fab.; the rhinoceros beetle, Dynastes tityrus Linn.; the unicorn 
beetle, Yyloryctes satyrus Fab., and the fig-eating beetle, Allorhina nitida 
L., are examples most worthy of note. 

It will be noted that the line which separates the Lower Austral from 
the Upper Austral zones in the State corresponds somewhat approximately 
with the southern border of the glacial invasion of Indiana, and it is more 
than probable that the ancestors of many of these southern forms existed 
in southern Indiana in preglacial times, when the climate was much 
warmer than now. It is also probable that many of these Orthoptera and 
Coleoptera, aS well as a number of those species inhabiting the entire 
State, advanced into the State from the south as fast as it was uncovered 
by the receding ice. 


UPPER AUSTRAL ZONE. 


Of the Upper Austral Zone, which covers the greater portion of the 
State and whose fauna and flora overlap and merge with those of the 
Transition Zone in the north and the Lower Austral Zone in the south, I 
have but little to say, as this fauna and flora are the ones whose members 
are most familiar to all present. Merriam, in his paper above cited, states 
that counting from the north, the Upper Austral area, represented by the 
Carolinian fauna and flora, is that in which the sassafras, tulip tree, 
hackberry, Sycamore, sweet gum, redbud and short leafed pine first make 
their appearance. Along with these trees and shrubs are found the opos- 
sum, gray fox, fox squirrel, cardinal, Carolina wren, tufted titmouse. 
blue-gray gnatcatcher, summer tanager and yellow-breasted chat. 
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As already mentioned, the great proportion of the Orthoptera and 
Coleoptera of the State belong to this Carolinian fauna, and a great ma- 
jority of the same species are found in Ohio, the eastern two-thirds of 
Kentucky, nearly all of Illinois, Iowa and Missouri and the eastern halves 
of Nebraska and Kansas. 

To the facts above given many others could doubtless be added by 
those members of the Academy from the extreme northern or southern 
portions of the State who have studied rather closely the fauna and flora 
of their respective areas. 
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ANIMALS OF THE Otympric Pentnsuua, WASHINGTON. 


By Apert B. REAGAN. 


For the past three years I have been making observations on the ani- 
mals of the Olympic Peninsula as time would permit. These I give below: 


Sciurus douglast Bach. 

This is a very common squirrel. It is colored grizzly rufus to rusty; 
but in color its tail is very variable. It lives in the coniferous forest and 
feeds upon the cores. 


Tamias townsendi Bach. Washington Chipmunk. 

A very pretty chipmunk found everywhere to an elevation of 2,000 to 
4,000 feet. I saw one specimen at snow line at the head of the Soleduck 
River. abel 4 

From the shore line to the snow-capped mountains these squirrels were 
observed to bark when suddenly disturbed; but when calling each other 
they uttered a querulous chirp. This squirrel is very shy till it gets 
“acquainted.” Then it becomes quite a pest and a little thief. At the 
Soleduck springs I have seen them crawl over a person while lying still, 
and have known them to steal bread off of a table in the same tent where 
cooking was going on. 

Tamias caurinus Merr. 
Only one individual of this species was seen at timber line in the 


Happy Lake country. 


Arctomys olympicus Merr. Olympic Marmot. 

I saw only one pair of these animals on a ridge between the Soleduck 
River and Hast Fork. Their color was ochraceous yellow. In actions 
they imitate a prairie dog very much; but in size they are considerably 


larger. Some are said to weigh as much as twenty-five pounds. 


1. In identifying the species here given I have used the ‘‘Catalogue of Mammals 
from the Olympic Mountains, Washington,” by D. G. Elliot (‘Field Columbian Museum 
Publication 32’’), and Jordan’s ‘‘ Manual of Vertebrates,” as reference books. 
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Sciuropterus alpinus olympicus Elliot. Olympic Flying Squirrel. 

One individual of this species was. caught in a trap at La Push by one 
John Sailto last winter while trapping for mink. This is the only one 
seen in the region so far as the writer knows. The animal is supposed 
to be nocturnal in its habits. 

Hoplodontia olympica Merv. Olympic Mountain Beaver or ‘“‘Gehalis 

Farmer.” 

I have seen several hides of these animals which the Indians had 
procured to sell to the fur companies; also some captured young. But 
I have never visited their farms. The natives tell me that these little 
animals cut down a grass or low lily near where they make their burrows, 
spread out the hay and dry it in the sun and then take it into their holes 
to serve as food or bed. These beavers are much smaller than the beavers 
of the Mogollon Mountains, the only other beavers I have seen. 
Peromyscus akeleyi Elliot. 

This long-tailed, large-eared mouse is a common pest and is to be 
found everywhere. It rivals the domestic mouse of the Hastern States 
in its efforts to live in the same house with the master of creation when 
a cabin is pitched in the forest. But it is more easily caught than its 
brother mouse; 54 were drowned in a waterpail in a house on the edge 
of a rew clearing near here in one night. In color it is rather dark with 
an almost black dorsal area. And in size it is a little under that of the 
domestic mouse. Its tail is as long or longer than the head and body. 


Neotoma occidentalis Baird. Wood Rat. 

A colony of these rats was found at the mouth of the Hoh River. I 
went to stay all night in a house where a bachelor was staying. The 
owner said the house was haunted, that the former owner was a sea cap- 
tain, and that, wrecking his ship on the reefs at the mouth of the river 
adjacent, his troubled spirit came back at night and thumped and knocked 
about the floors and house walls. I said nothing but set a ‘figure four” 
trap; and the next morning it was not the sailor’s spirit that was in it, 
but instead there was a huge wood rat. 

In color this rat resembles Neotoma cinerea columbiana very much 
but is darker, especially along the dorsal area. It has a conspicuous 
bushy tail. The animal has some very peculiar habits. It carries large 
sticks of wood around, and when on a floor or anything which will pro- 
duce a sound it thumps the wood up and down on the sounder for no other 
purpose, it seems, than that of hearing the noise. It makes its nest of 
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sticks. Another peculiar characteristic it has is that of “trading;” it 
never takes anything without leaving something in its place. For this 
reason it is called the “trade rat” by the settlers. In size it is about as 
large as a common gray squirrel. 

Brotomys nivarius Bailey. 

This alpine species of mouse was seen only near the Happy Lake 
country. It lives in colonies. In color its dorsal surface is strongly 
marked with chestnut, sides of body gray and buff, under parts white, 
tail bi-color. The tail is half as long as the body. 

Microtus macrurus Merr. 

I found a dead specimen cn the trail,from Crescent Lake to the Sole- 
duck Hot Springs. It seems to be rare. 
Microtus morosus Elliot. 

A common species. | 
JTicrotus oregoni Bach. Meadow Vole. 

Not many individuals of this species were seen by the writer. 
Thomomys melanops Merr. Gopher. 

This animal is a common pest in hay fields. In color it is pale brown 
to reddish, with considerable black about the head and face. 

ZApus imperator Elliot. Kangaroo Mouse. 

This is an abundant species, but hard to catch. In color its sides are 

buff, back dark, under parts white. 
Sorex vagrans Baird. Shrew. 

Only three individuals of this species were seen. 
Lepus washingtoni Baird. Washington Rabbit. 

Description: Male—Brown from head to tail on back and sides. Chin 
and lower jaw white to light brown, neck brown beneath, rest of under 
parts white, legs brown without,. front legs white on-outside, front of 
hind legs white, hair reddish brown on flanks just in front of each hind 
leg, tip of toes of each foot white. Tail short, ending in a tuft of dark 
hair, color of hair above dark brown, light brown beneath. Anal tuft 
nearly white. Hind legs from knee to foot on back dark to dark brown. 
Each front leg has a small linear white spot on front of knee. 

Length of head 3.125 in., thickness of head at base of skull 2.625 in., 
width of base of lower jaw 1.875 in., width of ear at widest part 1.375 in., 
length of middle front toe 1 in., length of hind leg 11.125 in., length of hind 
foot and leg beneath the knee 4.875 in., length of hind foot 1.875 in., length 
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of middle toe of hind foot 1.375 in., length of claw of middle toe of hind 
foot .5 in., length of neck 2 in., length of body 11 in., length of tail 1.125 in. 

Female—The sides of the female are a lighter brown than those of 
the male and the white of the lower parts have longer hairs of brown 
scattered through them in numbers enough to make those parts appear 
light brown. The female is considerably larger than the male. 

Both the male and female rabbits walk more on the hind leg from 
the knee down to the foot than the ‘cotton tail” does. These rabbits are 


quite numerous. 


Cervus canadensis occidentalis H. Smith (C. roosevelti Merr.) Roosevelt 
Elk. 
Description: Head, neck, legs, rump black to brown. 
This animal is now found principally above three thousand feet ele- 
vation. They are not plentiful. I saw seventeen near the Soleduck Hot 


Springs in August, 1906. 


Odocoileus (Cervus) herminous Rafin. Black-tailed Deer. 
This deer is found principally in the “Frozen Lake’ country up near 


the Olympics proper. It is not plentiful. 


Felis rufa fasciata Elliot (Raf.). 
This animal is large and savage. It is due to the ravages of this 
animal that the deer and elk have been so reduced in numbers. In color 


it is a rich chestnut to a mahogany red. 


Canis latrans Say. Coyote. 
Two of these animals were killed by one of the forest rangers last 
year. They evidently were strays. * 


Canis nubilus Say. Gray Wolf. 

These animals are now practically extinct; the settlers killed them 
by wholesale with poison to keep them from making raids on their sheep 
ranches. 


Ursus americanus Pall. Black Bear. 

This is a very common animal. It lives principally on berries in the 
fall of the year. The principal berries it eats are salal, salmon, red elder, 
thimble, huckleberries and blueberries. It gets fat on berries and is 
then good eating. In the spring it lives principally on skunk cabbage. It 
digs it up and eats it root and all. But when the salmon begin to “run” 
the bear leaves his cabbage garden and his berry patch and turns fisher- 
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man. And ‘he catches the fish, too. He goes to a ripple and wades out 
into the water and waits for a fifty pounder to come along, and then he 
seizes it with his front paws and teeth and drags it ashore. At other 
times he gets on a log over the stream or on the bank and when the van- 
guard of the salmon army comes along on itS march to the upper tribu- 
taries he springs into the water and seizes one of their number; and he 
seldom misses his aim. 

Mustela pennanti pacifica Rhoads. The Fisher. 

This animal is about the same size as the eastern fisher. Its fur is 
long, thick and glossy, varying from a jet black to a grizzly gray, especially 
on the head and neck. The tail is long and bushy. This animal is rare. 
Mustela americana err. Pine Marten. 

In color this animal is brown and not darker below than above, with 
tawny throat patch. The ears are high and sub-triangular. I have seen 
but a few of these animals. They seem to be rare. 

Putorius vison energuninus Bangs. Mink. 

This animal is large and the usual mink color. Some specimens, how- 
ever, have chin, center of throat and anal regions white, with a few scat- 
tering white hairs upon the breast. 

Putorius washingtoni Merr. 

Only two individuals of this species were seen at the head of the 
Soleduck River. 

Putorius streatori Merr. : 

This is a very common weasel. It has a somewhat variable color, 
with a black spot thrown in now and then. 
Lutra canadensis Schreber. American Otter. 

These animals are frequently trapped by the Indians. Their skins 
sell for $25 or more each. 
Mephitis foetulenta Elliot. 

This is a very common skunk. It is met with principally along the 
beach, where it feeds on seaweed and shellfish. A dozen of them have 
been seen on the beach in an hour’s walk. They come out usually just be- 
fore dusk, though an occasional one may be seen at any hour of the day. 
They are not the least bit shy, as a rule, and are not troublesome unless 
attacked. 

Spilogale olympica Elliot. 

This is a very common striped skunk. The Indians catch them for 

their skins; also for the skunk oil, which they use as medicine. 
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Scapanus tawnsendi Bach. Mole. 

In color this animal is black with a silvery gloss; its feet are human 
skin color. 

A stuffed specimen is now in the museum of the Kansas Academy of 
Science. 
Myotis yumanensis suturatus Miller. Yellowish-Brown Bat. 

This species is quite numerous. 


Procyon lotor lL. Raccoon. 

This animal is very common. 
Enhydris (lutris?) marina. Sea Otter. 

This animal is not common; but it is occasionally captured or found 
dead on the beach. 

A starving aged squaw found one on the beach near here some four 
years ago while looking for barnacles to eat. She put it in her basket 
and brought it home, skinned it and sold the pelt for more than $200; 
then gave a “potlatch” with the money and starved to death herself the 
next sunimer. 


Humetopias ateleri. Sea Lion.t 

These animals inhabit the jagged island group between Ozette and 
La Push. I have visited the islands twice, and each time have had the 
luck to see hundreds of these animals basking in the sun on the rocks, 
hear their bellowing and see their playing. It is quite amusing to see 
a sea lion “scratch” himself with his flippers. The Indians kill the sea 
lion for its flesh, which they relish very much. 
Phoca vitulina. Hair Seal.t 

These seals inhabit the rocky islands of the whole coast. The Indians 
kill them for their flesh and also for their hides. The skins are removed 
as near whole as possible, turned hair side in, tied up so as to be airtight, 
then inflated. They are then used as buoys in catching whale. No other 
wild animal is so useful to the Quilentes. 


The last three species are sea animals and are classed here only for convenience 
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Tar CrrcvunATION oF Mixep Broop 1n THE EmMpBryo Mam- 
MAL AND Brrp, AND IN THE ADULT ReEpTiLe, Am- 
PHIBIAN AND HIsH. 


By A. G. POHLMAN. 


Our conception of the course of the blood through the heart of the 
lower vertebrates appears to be based almost entirely on the conditions 
found in the adult of the warm-blooded forms (birds and mammals). It 
is well known that the adult bird and mammal possess a double circula- 
tion, i. e., a cycle in which venous blood is propelled from the heart to be 
returned oxygenated (pulmonary circulation), and one in which arterial] 
blood is expelled to be returned venous (systemic circulation). The 
afferent and efferent vessels are in no way connected save through a capil- 
lary system, and for this reason the heart may be divided into a right 
or venous and a left or arterial heart. While the greater part of the 
seventeenth century was occupied with the Harvey doctrine, the eighteenth 
century found men equally engaged with the course of the blood through 
the fetal heart. Three distinct theories were suggested before the begin- 
ning of the nineteenth century—one based on alleged physiological ne- 
cessity, a second on the anatomical relations found in the fetal mammalian 
heart, and a third on the logical deductions from the differences between 
the fetal and adult circulatory conditions. The differences between the 
fetal and adult heart in mammals are, briefly, the right auricle receives 
the precavals (venous) and the post-caval vein (V. cava inf.), which is 
arterial; a communication between the right and left auricle is present 
(foramen ovale), and a connection is found between the heart efferents 
(pulmonary artery and aorta) in the ductus arteriosus. 

The theory based on physiological necessity (von Haller-Sabatier ) 
was this: if the left heart in the adult is arterial, then the chances are it 
must also be arterial in the fetus; hence the oxygenated blood in the post- 
caval vein must pass through the foramen ovale into the left heart. It 
was further inferred that because the ductus arteriosus short-cut the 
venous blood from the pulmonary artery into the descending aorta, the 
vessels arising from the aortic arch would convey a better quality of blood. 
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The net result of this scheme was that not only did the head and upper 
extremities receive a better quality of blood, but a right venous and a 
left arterial heart was maintained and a function was suggested for the 
Eustachian valve in the right auricle. Unfortunately this doctrine has 
been antagonized since 1885 with little effect on the described circulation 
in the mammalian fetus, and with no consideration of its evident defects 
in the latest text-book (8) on chick embryology. At the last meeting of the 
Academy I labeled the scheme “morphologically inaccurate, developmentally 
unnecessary and physically impossible.’ The second theory (Wolff) was 
based on excellent anatomical observation but does not fulfil the physical 
requirements of the proposition. The third theory (Harvey), a mixing of 
the blood in the right auricle, was quite definitely demonstrated to occur 
in the living fetal pig. .I found by injection experiments that the blood 
passing into the heart from the right precaval and the postcaval veins 
found its way into both ventricles. Interpreted in a physiological man- 
ner, the result is that all the arteries in the mammalian embryo contain 
a mixed blood. The point raised, while of no practical importance in itself, 
is interesting because it was first suggested by Harvey in 1628; because 
it may lead to a more perfect understanding of the anatomical changes 
from the fetal to the adult circulation; and lastly because of its morpho- 
logical significance. It is the latter point that I would bring out in greater 
detail. 

It is well known that the double circulation is found only in the warm- 
blooded adult vertebrates (bird and mammal); animals in other words, 
where the body temperature demands a greater degree of oxygenation and 
in which the oxygenation is entirely confined to the lungs. In the lower 
vertebrates this condition does not obtain, reptiles excepted. The amphibian 
has other means of obtaining oxygen than through the lungs, and the fish, 
other paths than through the gills. The relatively low body temperature 
does not necessitate so rich a content of oxygen in the blood. If we ex- 
amine this statement closely we see that the embryos of mammal and bird 
resemble the reptile and amphibian; they do not possess a distinct four- 
chambered heart, and while in the latter the element of warmth does not 
enter, in the former all of the warmth, practically speaking, is supplied 
by the maternal body through internal or external incubation. The meta- 
bolic processes of the mammal and bird are therefore insufficient to main- 
tain the essential body temperature. 

If we examine the phylogenetic relation of the mammal and bird we 
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note that the higher mammals carry the offspring to term; the marsupials 
have a short period of gestation, and while the young are born in a very 
immature condition, they are brooded in a sac (marsupium) ; the mono- 
treme’s method does not differ essentially from that of the bird save per- 
haps in the mode of the incubation of the egg and the postembryonal care 
of the offspring. It would therefore be a logical inference to grant that 
the circulatory conditions in the fetal mammal and bird were about the 
same. Indeed the von Haller-Sabatier theory has been carried over di- 
rectly to the bird, i. e., the right heart of the fetal bird is described as 
venous, the left as arterial. 

I have stated that the latest text-book on chick embryology translates 
this blood segregation theory from mammal to bird with no comment on 
its defects. If the postcaval vein in the chick does carry the arterial 
blood richly laden with nourishment from the yolk to the left auricle 
through the foramen ovale, then the relations of the precaval to the post- 
caval openings must be vastly different from what they are in the mammal 
—but they are not. Further, if this is a developmental necessity, what 
is the character of the circulation in the anomalies where the right precaval 
opens with or into the postcaval? Is it possible for the described condi- 
tions to obtain in these cases or in Rhea americana, where, according to 
Gasch (2), the common opening of the right precaval and the post caval is the 
normal. I have no experimental evidence te bring up as yet for the mixing 
of the blood in the right auricle of the bird, but I believe there is sufficient 
grcund for the claim that it occurs from the similarity to the mammal 
in heart structure, develepmental requirements, and from the aberrant 
types such as I have mentioned. 

Phylogenetically the connecting link between bird and reptile is par- 
ticularly strong; ontogenetically the requirements for development differ 
only in body temperature (viviparous forms excluded), and we would 
therefore expect little difference in the character of blood circulation, al- 
though the heart structure is quite different. Taking the turtle as the 
type, the described circulation is about as follows: the right auricle is 
venous, the left auricle arterial—both open into the incompletely divided 
ventricle by separate openings. The blood from these two scurces is 
segregated in corresponding parts of the ventricle, and when the ventricle 
contracts, the incomplete septum touches the ventricular wall, isolating a 
part of the venous blood in a sort of right chamber of the ventricle. The 
venous blood is expelled through the pulmonary artery, mixed blood is 
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sent out through the right aorta, while the left aorta is purely arterial. 
This is again the same scheme as we found in the mammal and results 
in the head receiving a better quality of blood. 

Experiments were performed on three species of turtles to ascertain 
if this condition prevailed. The plastron removed and the heart laid bare, 
a double ligature was passed through the transverse pericardial sinus 
and arranged to tie one at the distal, the other at the proximal edge of 
the sinus. Next cornstarch granules suspended in normal salt solution 
were introduced into the auricles during diastole; the auricle allowed to 
contract, giving time to have the distal ligature ready to tie off; the distal 
ligature was tightened during ventricular systole and immediately the 
proximal one—isolating three columns of blood in the three vessels. These 
were bled separately into watch glasses containing dilute acetic acid and 
examined for the granules. It was found that granules injected into the 
right and left, and in both auricles simultaneously, were always recovered 
from all three efferent vessels. It must also be remembered that in the 
turtle the fetal circulation is not unlike that found in the fetal bird—the 
postcaval vein conveys the oxygenated blood, and if this segregation of 
blood occurred as described in the adult, the head would receive only 
venous blood. This objection aiso holds good in the Crocodilia, where, 
according to Wiedersheim (6), the condition is as follows: “The blood from 
the right ventricle passes into the pulmonary artery as well as into the 
left aortic arch and, according as the septum ventriculorum is complete 
or incomplete, is either entirely venous (Crocodilia) or mixed (other rep- 
tiles). A complete septum ventriculorum thus appears for the first time 
in crocodiles, in which, consequently, the right ventricle contains unmixed 
venous blood and the left ventricle unmixed oxygenated blood, although, 
as will be seen presently, an admixture takes place in the systemic ar- 
teries.” Again, according to this scheme, the head will receive a better 
quality of blood because the carotids arise from the left aortic arch, but 
again the objection as to the manner of transformation from the fetal 
crocodile to the adult crocodile heart would arise. This form certainly 
needs careful investigation. The purely venous blood would far exceed 
the purely arterial, and the mixture at the foramen of Panizza might be 
very complete. 

The amphibian circulation is naturally described on the basis of the 
segregation of blood and must therefore fall into two classes, the anural 
and the urodele. The description of the anural circulation is delightfully 
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exact and comprehensive and is as follows: “It will be perceived that the 
blood poured into the right auricle is mostly impure or venous, that poured 
into the left fully aerated or arterial. When the auricles contract, which 
they do simultaneously, each passes its blood into the corresponding part 
of the ventricle, which then instantly contracts before the venous and ar- 
terial bloods have time to mix. Since the conus arteriosus springs from 
the right side of the ventricle, it will at first receive only venous blood, 
which, on contraction of the conus, might pass either into the bulbus aortae 
or into the aperture of the pulmo-cutaneous trunks. But the carotid and 
systemic trunks are connected with a much more extensive capillary sys- 
tem than the pulmo-cutaneous, and the pressure in them is proportionately 
great, so that it is easier for the blood to enter the pulmo-cutaneous trunks 
than to force aside the valves between the conus and bulbus. A fraction 
of a second is, however, enough to get up the pressure in the pulmonary 
and cutaneous arteries, and in the meantime the pressure in the arteries 
of the head, trunk, ete., is constantly diminishing owing to the continual 
flow of the blood toward the capillaries (sic). Very soon, therefore, the 
blood forces the valves aside and makes its way into the bulbus aortae. 
Here again the course taken is that of least resistance; owing to the 
presence of the carotid gland the passage of blood into the carotid trunks 
is less free than into the wide elastic systemic trunks. These will there- 
fore receive the next portion of blood, which, the venous blood having 
mostly been driven to the lungs, will be a mixture of venous and arterial. 
Finally, as the pressure rises in the systemic trunks, the last portion of 
blood from the ventricle, which, coming from the left side, is arterial, will 
pass into the carotids and so supply the head.” 

It will be seen on critical examination of this scheme that several 
points are open to argument even if we grant the segregation of bloods in 
the spongy ventricle: 1, the element of time; 2, the mechanics; 3, the com- 
parative anatomy; and 4th, the experimental evidence. 1. The frog’s heart 
under normal conditions beats about 60 to the minute with a ventricular 
systolic phase of about 0.2 sec. Now if one reads the description, bear- 
ing in mind that the whole process is completed in one-fifth of a second, 
and that all this is inferred in order that the head shall receive a better 
blood supply, one is tempted to hold one’s breath. The time is short and 
much must be accomplished. If the blood in the systemic arteries is being 
forced toward the capillaries, what is holding it back in the pulmo-cu- 
taneous and carotid trunks? Again the regulation of the valves and re- 


206 


sistance to the flow of blood must indeed be very minutely adjusted to 
separate the venous from a mixed and a mixed from an arterial blood 
issuing from the same opening with say, one-fifteenth of a second to accom- 
plish each phase. 2. Further the tracings made by Gompertz show that the 
blood reaches the pulmo-cutameous and aortic trunks at the same time and 
under the same pressure. Stilt further the inspiration in the frog in- 
creases, not decreases, the intrathoracic pressure and would retard the 
pulmo-cutaneous system, and it has not been demonstrated satisfactorily 
to my knowledge that the capillary system of the pulmo-cutaneous vessels 
is actually less developed than in the systemic area. 38. The comparison 
of the various types of amphibian circulation is of interest. Bruner (1), for 
example, makes the following statement: ‘The fact that the septum 
atriorum disappears with the lungs indicates clearly that in the sala- 
manders with lungs the septum performs a certain function which becomes 
superfluous or impossible after the loss of these organs. This function is 
the separation of the venous blood of the right auricle from the aerated 
blood of the left auricle. But-what is the significance of this separation 
if the two sorts of blood are afterward mixed during the passage through 
the ventricle and conus? Or is there, after all, in salamanders with lungs 
a partial separation of the aerated and the venous blood in its entire course 
through the heart? Such a separation occurs, as is well known, in the 
heart of Rana. Now as regards the atrium and ventricle, we find essen- 
tially the same structure in Salamandra as in Rana. It is true that the 
septum atriorum in the salamander is perforated, while in the frog it is 
not. But during the brief stay of the blood in the auricles the small per- 
forations which have been described would permit little mixing of the 
blood. There would be much better opportunity for this to occur in the 
ventricle, but here we have the same spongy condition in Salamandra and 
Rana. So far then, Rana does not seem to have a decided advantage over 
the salamander in respect to the separation of venous and arterial blood 
in the heart. We may therefore conclude that in the salamander, as in 
Rana, the first blood passing from the ventricle into the conus during the 
ventricular systole is chiefly venous. In Rana this is directed into the 
pulmonary artery. In the salamander, however, the structure of the 
conus does not indicate that it could influence the direction of the blood 
current. We must turn, then, to the bulbus arteriosus and the great ar- 
terial vessels for further light on our problem.” ‘The spiral valve of the 
salamanders can have no control over the direction of blood which passes 
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through the conus.” Preceding this Bruner states: ‘The conus of the 
Salamandrina shows the same general structure as that we found in the 
conus of the Salamandra. A spiral valve is distinctly recognizable in the 
lungless form.” (Salamandra has lungs; Salamandrina has none.) 

This point in the comparative anatomy of the amphibian circulation 
I hold to be an excellent objection to the described course of the blood 
through the frog heart. 

4. Hxperimental evidence on the amphibian circulation leaves much 
still to be done. Mayer found that if the tip of the ventricle was cut off 
the blood issued in two distinct streams. This, in addition to the colora- 
tion in the beating frog heart, seems to hold for a segregation of the 
venous and arterial blood in the spongy ventricle. But Gompertz’s experi- 
ments also seem to indicate that even if this be true a mixing must occur 
in the vessels. 

The step from the amphibian to the class of Dipnoi is not a very great 
one, and still we find something which may throw light on the character 
of blood circulating in the fish. According to Wiedersheim ‘in Ceratodus 
the conus arteriosus is provided with eight rows of valves and begins to 
be divided into two chambers. In Protopterus this division is complete, 
so that two currents of blood, mainly arterial and mainly venous re- 
spectively, pass out from the heart side by side. The former comes fiom 
the pulmonary vein, from which it passes into the left atrium, thence into 
the left portion of the ventricle, and thence to the two anterior branchial 
arteries. The venous current, on the other hand, passes from the right 
portion of the ventricle into the third and fourth afferent branchial ar- 
teries and thence to the corresponding gills, where it becomes purified; it 
reaches the aortic roots by means of the efferent branchial arteries. The 
paired pulmonary artery, like the corresponding vessel in the crossopteryg- 
lans, arises from the fourth efferent branchial in Ceratodus, and from the 
aortie root in Protopterus and Lepidosiren.” 
is There appears to be a physiological flaw in this description unless the 
fish blood behaves quite differently from that in other animals. Under 
the assumption that the blood in the fish becomes fully oxygenated in its 
passage through the gills, the blood carried to the lungs from the efferent 
branchial artery would already be charged with oxygen, and in this case 
the lungs would only be functional when the fish is hibernating in the 
dried mud. Under the assumption that the fish blood is not fully oxy- 
genated in its passage through the gills, the lungs would be accessory to 
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the gill function. In neither case would there be any physiological reason 
for the separation of the blood issuing from the conus. If the gills in the 
fish do not entirely oxygenate the blood, and in some fish the fins apparently 
assist in oxygenation, then the fish blood really corresponds to our notion 
of “the mixed blood” (not fully oxygenated) in the higher forms. Here 
again is a problem upon which no definite information may be given. 

In conclusion, my position on the quality of blood circulating in the 
arteries of the vertebrates is that it is what may be termed “mixed” in 
all forms from the embryo mammal and bird to the fish, and if there have 
been advanced various theories on the mechanics of the passage of the 
blood through the heart of a given form they have been based on the alleged 
physioiogical necessity for a better quality of blood circulation in the head. 
In other words the systemic arteries convey arterial blood only in the 
mammal and bird after birth. I believe if one eliminates the idea that 
the head must receive a better quality of blood (Sabatier scheme) the 
whole doctrine of the character of the circulation in all forms of verte- 
brates is not only simplified but placed upon a sound physiological and 


developmental basis. 
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Tue Inprana ACADEMY OF SCIENCE. 


By J. T. Scovenu. 


Professional men engaged in almost every kind of scientific work united 
to form the Indiana Academy of Science. 

These people hoped to be benefited by the Association; they believed 
that it would promote scientific research and aid in the diffusion of knowl- 
edge concerning scientific affairs. The people who formed the Academy 
and aided in its development hoped that as the years rolled by it would 
so stimulate and encourage scientific work as to make it an important ad- 
junct to the educational system of the State. 

From the first, in addition to professional work, it has been the policy 
to encourage students and amateurs to prepare papers which in effect are 
reports of work done along some line of scientific investigation. The work 
may be new to science or it may not, but is new to the writer. The stu- 
dent gets the benefit of the work done and of the friendly criticism of the 
Academy. 

Many valuable papers have been prepared on many different phases 
of scientific work. Considerable work has been done by the Academy on 
the flora of the State. Some of the best work that has been done on the 
botany of the State has been done by members of the Academy. The con- 
servation of forests the study of streams and of climate and all sorts of 
geological questions have been discussed in the Academy. ‘There have been 
reports on the reptiles of the State and on the fish that abound in the 
streams. And several papers have been presented on the insects of the 
State. One could not discuss any of these subjects fully without consult- 
ing the reports of the Academy. Several papers that were presented to the 
Academy appear in a Geographical Study of Indiana, and several Academy 
papers appear in the geological reports of Indiana. 

Similar work has been done in Chemistry, Physics, Mechanics, Mathe- 
matics and in other subjects. 

The Academy affords an opportunity for social converse among scien- 


tific men, for exchange of ideas and the stimulus of association. 
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It is in Some sense a laboratory where students are stimulated to work. 
the work in many cases counting as credits on university work. Again 
these reports are printed, and so this work becomes accessible to many 
outside the members of the Academy. Again, the Academy has established 
an extensive system of exchanges of publications with other societies, so 
that a large number of valuable publications are accumulated in the State 
Library to the credit of the Academy. 

Various sanitary problems have been discussed and some phases of 
bacteriology and some economic questions have been considered: as to the 
supply of coal, of building stones and of materials for all kinds of articles 
made of clay or shale. 

The list of presidents contains the names of many noted men who have 
done good work in the Academy. And the list of members is large, showing 
that hundreds of people have been inspired and stimulated by association 
with these prominent educators. <A large proportion of the members of the 
Academy are teachers, and through them thousands of young people in In- 
diana have been benefited and encouraged by the work of the Academy. 

The Indiana Academy of Science has been a success. It has accom- 
plished in a large way all that its founders hoped for. May it continue to 
prosper. 
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